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Some Collections of the Littoral Marine Fauna of the Cape Verde Islands^ 
made by Cyril Crossland, M.A., B.Sc., F.Z.S., in the Summer of 1904. 
—Bryozoa. By Aethitr Wm. Waters, F.L.S., F.G.S. 

(I'latks 1-4, and 2 Text-figures.) 

[Head Ifith November, 1916.] 

The collections, kindly submitted to me by Mr. Cyril Crossland, were made 
from Boa Vista, Cape Verde Islands (1); from underneath a coaMighter in 
St. Vincent Harbour, marked (2) ; dredged, in 10fathoms, in St. Vincent 
Harbour from a bottom of foraminiferous sand and nullipore nodules-—also 
clinkers, Ac. (3). 

This communication completes the description of Crossland^s tropical 
collections of Bryozoa. Two papers have been published by the Linnean 
Society on the Red Sea material, and two by the Zoological Society on that 
from British East Africa and Zanzibar. These last are referred to as ‘‘^ry. 
from Zanzibar.” 

Specialists have already described parts of the collections in the pages of 
tibiis Journal and in those of the 2k>ological Society's * Proceedings.’ This 
Oupe Vetde collection was made with the aid of a grant from the Carnegie 

Ify pkuit for a long has been practically to complete any paper by, 
oompaiison cl my own ooReoiions, and then to check my results in the 
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Natnral History Mnsetim, especially regarding types ; and I have again to 
thank Mr. Kirkpatrick for giving me facilities on these periodical visits. 

The literature on the Bryozoa of the neighbouring seas includes :— 

Smitt.—“F loridan Bryozoa,” Kongl. Svenska Yetensk.-Akad. Handl. 
vols. X . & xi. 1872-73. 

Busk. —“On some Madeiran Polyzoa,” Qnart..Joum. Micr. Sc. vols. vi.,vii, 
1858-1859 ; “Catalogue of Polyzoa collected by J.T. Johnson at 
Madeira,” op. eit. vol. viii. 1860-1861. 

Hxnoks.—“ The Madeiran Polyzoa,” Ann. Mag. Nat. Hist. ser. 5, vol. vi. 
1880, p. 69. 

Johnson, J. Yate. —“ New Cyclostomatons Bryozoa found at Madeira,” 
Ann. Mag. Nat. Hist. ser. 6, vol. xx. 1897, p. 60. 

Waters. —“Bryozoa from Madeira, &c.,” Journ. B. Micr. Soc. 1899, 

pp. 6-16. 

Norman.— “ Polyzoa of Madeira,” Journ. Linn. Soc., Zool. vol. xxx. 
1909, p. 275. 

OsBPRN, R. C.—“ The Bryozoa of the Woods Hole Region,” Bnll. Bur. 
of Fisheries, vol. xxx. 1912 ; “ Biological Survey of the Waters of 
Woods Hole and Vicinity,” op. eit. vol. xxxi. pt. 1, p. 102, pt. 2, p. 595. 
1913 ; “The Bryozoa of the Tortagas Islands, Florida,” Pnbl. 182, 
Carnegie Inst, of Washington. 1914. 

Points of Special Interest. 

(1) The discovery of Tvbvlipora (JProhoseind) Lamourouaii, Andouin, which 
has never been understood, so that the generic name Prohosana has been 
incorrectly used by some authors for forms allied to Stomatopora : p. 31. 

(2) The way in which certain species of Schitoporella grow .in layers, with 
the younger layer taking dednite positions, frequently passing over the 
opercnla. Together with this, the closures of the Cheilostoinatsi are con¬ 
sidered : pp. 15 & 16. 

(3) The spines surrounding the zocecia of Cribrilina radiata, And., and 
the formation of the zooecia are considered : p. 11. 

(4) A very interesting Liehenopora with continent zoaria is more fully 
described. Some subcolonies are muUiserial, others imiserial, and it is 
difficult to decide whether they should be considered as one or two species: 
p. 33.. 

(5) Several points relating to the classification of Crista are dealt with : 
p.,24. 

The colleeiions made by Mr. Cyril Crossland consist of 45 species or 
varieties, of which 25 were iS|ready known from the Atlantic, 16 are British, 
24 Mediterranean, and probably 17 are Australasian. Besides these, a list 
of 41 species already described from the Cape Yer^e Islands Is given, 
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Table of Disirihution from West to East. 





Aeim recta, Hineks. 5 

Duffula dentata, Lamx. 5 


Scj'upocelfaria Jierihotietii, Aud. ... 

„ Macandrei, Busk. 

„ tridentata, sp. no?.... 

Scania hirtisaiwa, Heller . 

Membranipora tenuiroetris, Hincks. 
„ cnrviroBtrie, Hincks . 

„ quadricornutafi\\,no^. 

CribrUina radiaia^ Moll. 

Thatamoporella liozieri, Aud. 

Schizoporella imwomis, Johnst.. 

,, epongitee, Pallas . 

,, oligopue, Robertson ... 

„ tricAo/oma, sp. nov, ... 

I OstAimosia avicularis, Hincks . 

Hipjiothoa dietans, MacG. 

„ divarieata, Lanix. 

„ hgalina, Linn.j 

Arihropwna Cecilii, Aud. 


... 4* + 

... + ... + 


Japan, £. Africa, 
Amboina, Lifu, 
Amirante, Azores, 
Canary Is., S. Afr. 

Zanzibar. 


9 ... 

10 + 

13 + 

14 + 


19 ... 

19 ... 

20 ... 
20 4 - 
20 4 - 


+ 4“ ... 4“ .‘. + + Mauritius, Brazil. 

4- 4- + + 1+ + 4- 

+ 4- 4* Japan. 

. . California. 


I Chorizopora Brcngniarfi, Aud. 

! Smittina trispinom, T7ir. protecia^Sh. 

„ tropica, Waters . 

Lepfolia cucuUata, Busk. 

„ peristovmta. Waters. 

Schizotheca fiern. Busk. 

Holopm'ella pusiUa, Siiiitt . 

„ aperta, Hincks. 

Microporella ciliata, Pallas. 

Adeonella contorta, Midi. 

Crieia itdnilom. Busk . 

„ dentioulata, var. verdensh, nov. 

„ eigmoidea. Waters . 

„ vinomteneu, sp. nov. 

Tuhidipora pulchra, MacG. 

„ LamourMucii, . 

„ incraeeata, Smitt. 

JAchmopwra irregularia, Zohri&on ... 
„ „ var. compoeiia, 

nov.... 

Flustrdla hiepida, Fabr.. 

Amathia tortnoea, T. Woods . 

„ Vidovki, Heller . 

Zioobotrgon peUueidum, Shr. 

Bowerbankia pustiUoea, var. aUer-^ 
mta, nov. 

Barsntda discrota, Busk. 

Pedieellina eemm, Hincks. 


21 + 
21 ... 
21 ... 
21 4- 

21 4- 

22 ... 

22 4 - 
23 4- 

23 4- 

23 -h 
26 4- 
27 ... 

29 ... 

29 ... 

30 ... 

31 ... 

82 ... 
33 4 

38 ... 

38 ... 

39 ... 

41 4 

41 4 


42 4j; 


4 4 ... 4 

4 4 ... 4 

4 4 ... 4 

4 - 4 “ . 

4- + 4 ? 4 g 

4- 4- .' 

...I... 4 N.4 

:;;|+ : ... I 


4 4- 4 4n. 
...... 4 ... I 

+ I 


. 4 

4 4 4- S. Africa. 

... 4 4 S. Africa. 

... 4 4 

4-4 4 
... 4 4 


4 .; California. 


+ + + 


••• + ••. California. 


4- 

. 4 “ — 

... 4 ... ... 

... + 4 4 


Boscoff,B.£. Africa. 

•• 4 


^ + + + — — 


r S. PaoiSc; Cape 
. \ Horn. 


* Previously known from tlie Atlantic. 
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Busk described a few .i - Isliiiivus iu the 

‘ Challenger ’ Reports, also a few in his British Museum Catalogues, and 
Oalvet described a considerable nuiii’ * ’ ^ TniNailleur 

et du ‘ Talisman^; so that the following are also known from the locality. 
A few species are omitted where there was doubt about the determination. 



Atlantic. 

British. 

Mediterranean. I 

1 

1 

Indian Ocean. 

§ 

J 

i 

s 

-s 

1 


Cdberea liffata, Calv. . 

C^lUtTin^ ^$0r<iata^ jVlapleBtone . 



... 




... 

... 

4 


Dufilr .. 

+"• 


4 




4 

+ 


/South Africa, 

Membranipora patettaria, Moll. 

„ helhla^ Hinoki . 

, n^uusnmin^ Uiifllr. 

^ B. 

4- 

... 

4 


+ 

4 


4 

4 

4 


[ South America. 

f S. Africa, 

< Amhoins, 

„ «ran«^(/«m,Einob... 

„ (?) atm, JuU. 

OnpohoeeUa anffulosa, ^uss . 

SetoaeUina SouUi, Oolv. 

? rialv. 

4 

*4 

... 

4 






4 

1 Antarctic. 

Smiitina oarvioarnia, Pallas . 

„ jaoobanais. Busk . 

P<frella itavta, var. aubcomprasaaf Busk 

Trppoataga venusta, Norman .. 

Haamllia altamata, Oalv. 

Purina baraalia, Busk . 

... 

... 

4 



... 


4 

4 

... 

/ S. America, 

\ Marion Isl. 

4 

4 

4 

... 


4 

... 

... 


4 

4 

Lifu, Mauritius. 

N. Europe, 
f China, Tahiti, 

Lapmlia braneoenaia, Calr. 

, Pniaaotiii, Binoks.. 

+ 


4 


4 

4 


4 

4 

Uchthyario, a^voularia^ Calv. 










\ Mauritius, Zaiizib^ir. 

Mamillopora mmplexJUoa^. (Mamil- 
lopora SmittHf Calr.) 

„ £iiwirdat\ Jull. 

P JifyfioxouM a^ranyfflatuMf CbIt. ... 









4 


4 










Paiapora Imperati^ Busk.T 



4 . 








„ ramvloaa^ Oalv. 

Cdlapora intrictda, Calr.. 

(huanif Glraj . 

4 . 


; -f 


... 



... 

*4 


, rtmhdlata^ I)af... 

4 








4 


Adaona HackeUf Beuss. {^Microporalla 

vioUwea) . 

Adaondla inaidioaa, Jull. 

4 

4 

4 

4 

... 

... 

... 

... 

4 

4 


Criaia mmoao, Hamner {flimgata^ 

Norm.) . 

„ eonfarta^ Busk. 

• fs 

4 

4 

4- 

4 







„ ienatkL, OaW.. 

EtUaUphora rarip&ra, d*Orb. 

,, TuthMlata^ Oalv. 

’4 

4 

4 


... 1 


/** 

4 

4 


,, aiuhvarticiUckta^ Oaly. ., 











IdmaoML tttlantica, Forbes . 


4 . 

4 . 




4 - 


*4" 

/ Kerguelen, 

PiUapanw auperba, Jull . 

4 









\ Cape Horn. 

S< PaciOeP 

*ff<kf%aTa hfaneoanaUt OalY, .. 










‘StomadcpcragrmulaiatiiL-^'Edw, ... 

... 

4 

4 




... 


4 

r Magellan, 

\ Tristan da Ciinha. 


* Momera ebwtMa, Oalrat, xDsntio&ed by Oalvet fmn Cape Verde Islands. In 
* Bryoaoa from Zanzibar,” Vtoe, Zool. Soc. 1914, p. 836,1 said it was doubtiul why it was 
plaoed with JTe/wsra, and dace tbea Prof. S. J. Qickson has shown that it i82<^ihs£«r^) 
fiydrooorallme. 
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Aetea bbota, IJincks. 

i;i..Ni'ATA {Lamouroux)^ Busk. (Plate 1. fig. 1.) 

Achamarchis deniatay Lamx. flist, des Polyp, corall. p. 135, pi, 8. fig. 3 (1816). 

For aynoiiyma see Miss .Jelly’s Catalogue, and add;— 

Waters, Bry. N. 8. Wales &c./’ Ann. Mag. Nat. Hist. ser. 6, vol. xx. (1887) p. 91, pi. 4. 
fig. 14; Kirkpatrick, Proc. li. Soc. Dublin, n. s. vol. vi. (1890) p. 014; Ortmann,“ Die Japan. 
Bry.,” Arch. f. Naturgesch. vol. i. (1890) p. 26, pi. 1. lig. 20 ; Philipps, liep. on the Polyzoa 
coll, by Dr. Willey, from the Ijoyaliy Isl. &c.,” Willey’s Zool. Results, pt. 4, p. 443 (1899) ; 
Thoruely, ** Mar. Poly, of the Indian Ocean,” Trans. Linn. Soc., Zool. vol. xv. (1912) p. 141; 
Calvet, ‘‘Bry. d’Amboino,” Rev. Suisse de Zool. vol. xiv. (1900) p. 617, pi. 21. fig. 1; 
Norman, “ Polyzoa of Madeira,” Joum. Linn. Soc., Zool. vol. xxx. (1909) p. 286, pi. 86. 
fig. 3. 

Krauss speaks of the zoarium being bleifarbig und dunkelgraue ; 
MacgilJivray says greenish or leaden colour ; Busk says “ovicell blue” (but 
did he not mean to ref(ir to the zoarium ?) ; Kirkpatrick says ‘‘ the zoarium 
is of a leaden-blue colour ” ; Miss Philipps, in her Loyalty Island paper, 
says zoarium leaden-bJue ” ; and Miss Thornely, in her Indian Ocean paper, 
says “ ovicells not blue ” ; Oalvet did not find any colour, but says that the 
specimen had been many years in spirit. No one, however, seems to have 
noticed the curious fact tliat the polypides and growing tissue are blue, 
looking just as if they had been stained, and in these Cape Verde Islands 
specimens it is a fairly bright blue. The specimens left in spirit have 
lost their colour, and one set of spirit-specimens were always without colour. 
A spectroscopic examination of this species would surely be interesting 
The geographical range is very great, occurring in many places from 
Japan to the Cape Verde Islands. 

There are about 14 tentacles. 

Loc. Australia, New Zealand, Tasmania, S. Africa, Torres Str., 6-7 fath.; 
Lifu (^Thornely)^ Auiirante, 29-34 fath. (Th.)^ Amboina {Cahet), Sagamibai, 
Japan, 70 fath. (Ortmann)^ Madeira (^'orman); Boa Vista, Cape Verde 
Islands, 20 fath., collected by Crossland. 

SCBUPOCELLARIA Bertholletii {Audouin% Hincks. 

For syijonyma see Waters, “ Mar. Biol, of the Sudanese Red Sea,Bryozoa,” Journ. Linn. 
Soc., Zool. vol. xxxi. (1909) p. 133, and add:— 

Serupocellaria Bertholletii, Norman, “Polyzoa of Madeira,” Journ. Linn. Soc., Zool. 
vol. xxx. (^1909) p. 283, pi. 86. figs. 1,2; Oalvet, Expdd. Sc. du ‘ Travailleur ’ et du 
‘ Talisman,’ Bryozoaires, vol. viii. (1907) p. 376. 

There are some specimens closely attached to Adeonella contorta, Mich., 
with the creeping growth and attachment by radicles, as known in 
S. reptans (Linn.), Gray. On account of the resemblance of the two species 
1 at one time spoke of S. nptans, var. Bertholletii. 

' There are some very large erect median avioularia, much larger than I 
have seen in any other specimens of S. Bertholletii. Hincks has mentioned 
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the irregularity of the median avicularia, and this 1 can confirm from 
Mediterranean specimens, in 'vi^hich some parts are 'without them, and others 
have them fairly regularly. 

Loc. Naples, Oapri, Bapallo, Trieste, Suez, Madeira; Cape Verde Islands, 
110-180 met. (Calvet)^ and St. Vincent Harbour, Cape Verde Islands, 
10 fath., collected by Orossland. 

SOBUPOCBLLARIA Maoandrei^ Busk. (Plate 1. figs. 3-7, 11.) 

For synonyms see Waters, <*Bry. from Zanzibar/’ Proc. Zool. Soc. 1913, p. 477, pi. 68* 
figs. 5, 6. 

This has a separable operculum (fig. 3), which seems to be general in 
Caberea, but not in Scrupocellaria. The oral parts are thrown back as in 
(7. JDarwinii, Busk, and the scutum comes up to the oral aperture, much as 
in that species. The vibracular chambers are larger than is usual in 
Scrupocellaria and spread diagonally halfway across the dorsal surface, but 
they are not as large as is usual in Caberea. The seta of the vibraculum is 
smooth as is general in Scrnpocellaiia *. It will be seen that this species has 
some characters of Caberea^ showing how closely that genus is allied to 
ScTupocellana, The seta is serrate, or, more strictly, spinous at one side 
only, in C. grandis^ Hincks, (7. lata. Busk, C. rostrafa, Busk, C. Ellisti^ 
Flem., C* Boryii^ Aud., C. Hookerij Busk, C. glabra^ MacG., (7. bursifera^ 
Ort., C. Barwinity Busk, (7. minima^ Busk. The vibracular seta has several 
irregular projections at the base, and at each side there is a separated curved 
cbitinous piece, against which the vibraculum evidently works. The central 
vibracular muscles draw down the seta, and the sac-like peculiar body 
naturally varies in position with the movements of the seta; but, besides the 
large f muscles, there is another muscle placed further away from the beak 
(fig. 4, m.}, attached to the flexible wall proximal to the set^i, and thus the 
chamber-wall is drawn in, reminding us of the way in which the front 
membranous wall is drawn down in Micropora^ Steganoporella., Ciipularia^ 
aud other genera. The lateral muscles are attached to projections on the 
base of the vibracular seta (fig. 5). 

There is a small median avicularium placed near to the base of the 
scutum. Miss Thornely refers to tall median avicularia. There is a chitineus 
arch from the inner side of the area below the scutum. The ovicell is 
imperforate, and .there are 13 tentacles. 

Loc. Coast of Spain ; Adriatic ; Lifu ( Tho: nelg) ; Queensland {Haswell ); 
Zanzibar, 8 fath. (Waters) ; in the Indian OceaU (Providence, 50-78 fath., 
Amirante, 29 fath., Farquhar reef, Cargados, 30 fath., Seychelles, 34 fath.) 

* In my paper on the Zatisihiir IDheUostomata, Proe. Zool Soc. 1913, p. 474, 1 uufor- 
tottataly stated that the vibiacula of Caberea were smooth, which presumably was a slip in 
toaiumibi!^. 

t 'With the dbNBular movement of the s^ it is questioaaUe whether any of the mnseles 
should be c^od retractor or oeclusor 



feltVOZOA OF THE CAPE VEKDE ISLANDS, 


7 


(7%.); St. Paul's Rock,N. Atlantic (ChalL); St. Vincent, Cape Verde Islands, 
1070-1150 fath. {ChalL\ Gape Verde Islands, 110-180 met. (Ca/w.) ; Boa 
Vista, Cape Verde Islands, collected by Crossland. 

SORUPOOELLARIA TRIDBNTATA, Sp. nOV. (Plate 1. figS. 9, 10.) 

Zoariuin spreading in all directions, forming a circular growth, in most 
respects agreeing with S. cervicornts^ Busk, but below each bifurcation 
there is a very large raised avicularium, of which the mandible has three 
long narrow prongs, and the avicularian chamber folds inwards round three 
projeciions to receive these prongs as in a half-open tube (PI 1. fig. 10). 
In other parts there is an anterior avicularium on each zooecium, just below 
the area Hincks describes avicularia below the area on a tall columnar 
process, in S* cervicornis, Busk. 

Fig. 1. 



Scrvpoceilaria tridentaia, sp. uov. X 50. 

There are about six oral spines, none of which are bifurcate ; down the 
middle of the zoarium there are very long stout erect spines, and these in one 
internode will all belong to the zooecia on the right side, whereas in the 
companion internode of the same age they will belong to the zooecia on the 
left side, in both cases growing from near the distal end. Hincks refers to 
tall spines on each side of the branch in S. cermcornis^ and when a colony of 
S, tridentata is seen from the side the spine appears to grow from the side. 

The lateral avicularia are very minute, being smaller than those figured 
*by Siiiitt t in his S. eermcornis, Smitt calls attention to the variation in the 
size of the lateral avicularia in S* cervicomis^ and also makes comparisons of 
5. pusilla, Smitt, S. comiffera^ Smitt, and S. cervicomisy Busk. MacGilIivray 
figures the Australian form with large avicularian mandibles. This species, 
& eervicomis. Busk, comigfera, Smitt, and S* obtecta^ Hasw., have very 

^ Hincks, Ann. Hag. Nat. Hist. ser. 6, vol. zi. (1888) p. 108. 
t Plorid«i Biyosos,” Pt L p.T6 (1873). 
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similar scuta. There are about seven zooecia in an intemode. There is no 
separable operculum, the ovicell is perforate, the radicles are serrate, and 
tlie smooth vibraculnr setae are about three times the length of a zooecium. 

Loc, Boa Vista, Cape Verde Islands, 20 lath., collected by Crossland. 

Beania HIRTISSIMA, Heller. (Plate 1. fig. 2.) 

Diuchoria hirtiuima, Heller, ^^Die Brjozoen des Adriat. Meeres,” Verhand. der k.k. 
zool.-bot. Gesellscb. Wien. vol. xvii. (1807) p.94, pi. 1. figs. 6, 7; Busk, Kep. of the Voyage 
of H.M.S. * Challenger,* vol. x. Polyzoa, p. 61 (1884). 

Chaunoaia hirtissima, Busk, Q. Journ. Micr. Sc. n. a. vol. vii. (1867) p. 241, pi. 36. 
figs. 12-14. 

Beania hirtieshnaf Waters, On the Use of the Avicularian Mandibles in determination 
of the Oheil. Biy.,*’ Trans. Micr. Soc. ser. 2, vol. v. (1886) pi. 14. fig. 6j **Bry. from 
Bapallo, &c./’ Journ. Linn. Soc., Zool. vol.xxvi. (1896) p. 17; " Bry. from Madeira,’* Journ. 
R. Micr. Soc. 1899, p. 16; Cal vet, **Bry. Mar. de la R4g. de Cette,” Trav. Inst, de Zool. 
de rUniv. de Montpellier, ser. 2, Mdm. 11, p. 24 (1902); Expdd. Sc. du ^ Travailleiir’ et du 
'Talisman,’ Bryozoaires, vol, viii. (1907) p. 392; Norman, ‘'Polyzoa of Madeira,” Journ. 
Linn. Soc., Zool. vol. xxx. (1909) p. 286. 

In the specimens from the Cape Verde Islands there are no radicle-tubes, 
and none seem to occur in the typical form of this species from other localities, 
so far as examination has gone, but there are, in these Cape Verde specimens, 
delicate spines which sometimes are entire, but more often they bifurcate 
near the base, and usually there are two such spines on the <iorsal surface of 
each zooecium. Busk, in describing his Chaunosia the same year as Heller 
with the same specific name, refers to the bi-trifurcate dorsal spines* The 
zoarium of Buskos Chaunosia is like the form of cylindrica of Hincks. In 
looking carefully through some specimens from Naples and Rapallo a few 
such spines, similarly bifurcating, were found, hut only in isolated cases, 
whereas they are very numerous in the Cape Verde specimens, which in most 
respects correspond fairly closely with the Mediterranean specimens. On the 
anterior border there are about nine delicate spines on each side, while further 
away from the border, with no great regularity, there are a number of much 
stouter spines. Round the distal part of the aperture there are usually 
seven fairly stout spines with other spines nearer to the dorsal surface. 

The variety rohista^ Hincks, which I think might well be separated as a 
species, has long thin dorsal tubes or radicles; B. tsonferta^ Mac6., has 
numerous long dorsal spines; B. spvnigera^ MacG., has no dorsal spine or 
tube; B. elmgoda^ Hincks, has a small dorsal tube near the distal end; 
B. magellanieaj Busk, has a wide radicle-tube.near the distal end, thus 
showing the value of the dorsal surface in determlaatioj|^*’^ 

Loc. Adriatic, Naples, Capri, Rapallo, Villefrand^sur-Mer {Waters)^ 
Ajaccio, (Calvet); Madeira ( Waters ^ N<yrmavi)\ New Zealand (var. Tobusta)i 
Bt. Vincent, Cape Verde Islands {ChalL); St. Vincent Harbour, Cape Verde 
Islands, 10 £ath., collected by Orossiand. 
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Mkmbranipora tbnuirostris, Hincks. 

Membranipora tenuirostriB, Hincka, Ann. Mag. Nat. Hist. ser. 5, voL vi. (1880) p. 70, 
pi. 9, fig. 3; op, cit. ser 6, vol. x. (1882) p. 7; op. cit. Her, 5, vol. xix. (i887) p. 314; 
Waters, Journ. li. Micr. Hoc. ser. 2, vol. v. (1886) p. 775, pi. 14, fig, 41; Quart. Joum. 
Qeol, Soc. vol. xlvii. (1891) p. 11; Journ. Linn. Soc., Zool. vol. xxi. (1898) pp. 668 & 685, 
pi. 47. fig. 7. 

Membranipora FUminyii^ Waters, Ann. Mag. Nat. Hist. ser. 6, vol. iii. (1879) p. 122, 
pi. 13, fig. 2. 

In the specimens from the Cujie Verde Islands some parts have the spines 
as figured by Hincks, whereas in others there are none. In niy paper on 
Membraniporidae I referred to the spines not occurring in Naples and 
Kapallo specimens. 

Loc. Queen Charlotte Islands(//i/icA^); Madeira on Pinna {Hincks ); Naides, 
low water to 40 fath.; Capri ; Kapallo; Adriatic; Oran (Algiers), 54 fath. ; 
St. Vincent Harbour, (yape Verde Islands, 10 fath., colhjcted by Crossland. 

Fossil. Bartonian and Pliocene of Italy. 

Membranipora curvirostris, Hincks. 

Membranipora eurvU^ostriSj Hincks, Ann. Mag. Nat. Hist. ser. 3, vol. ix. (18i>l) p. 295 
(39), pi. 7. fig. 4; Brit. Mar. Polyzoa, p. 153, pi. 20. figs. 5, 6 (1880); Kidley, Proc. Zool. 
Soc. 1881, p. 46; Waters, Journ. Linn. Soc., Zool, vol. xxvi. (1898) pp, 668 A 684, pi. 47, 
figs. 2, 12. 

Some of the zooocia have a median s[)ine below the area, also one or two 
spines in variou.s other positions. There is the unoccupied space above the 
avicularium as in the Briti.sh and Na[>les specimens. 

Loc. British, Polperro, 40 fath ; Singapore ? ; Brazil, 35 fath. {Kidley) ; 
Naples ; St. Vincent Harbour, Cape Verde Islands, 10 lath., on clinker and 
from a diver,collected by Crossland. [Dwarka, Arabian Sea {Tltoraely).^ 

Membranipora guADRiooRNUTA, sp. nov. (Plate 1. fig, 8.) 

There are incrusting specimens from St. Vincent Harbour, Cape Verde 
Islands, 10 fathoms. The opesia is oval, and at the distal end on each side 
there is a short cervicorn spine, and lower down there is another pair. There 
are a considerable number of vicarious avicularia just like those of M. crassi^ 
maryinata^ Hincks f— ^in fact, the species is like M. crassiniarginata^ except 
that there are two pairs of cervicorn spines. The avicularia are about as 
long as the ordinary zooeeia, but not quite so wide. Tlie border is crenulated. 

There is one distal rosette-plate about the middle of the distal wall, and 
two lateral rosetto rj^ tes about halfway between the anterior and basal wall. 

There is considerate irregularity in the spines, for the lateral ones at first 
have only two poiute, whereas later there may be several divisions, and those 

[* Thomely, Ilyd. k Poly. colL at Okhamandal in Kattiawar. 1916.J 
t Ann. Mag. Nat. Hist. ser. 5, vol. vi, (1880) p. 71, pi. 9. fig. 1. 
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from opposite sides may interdigitate, or in a few cases may be fused 
together, thus forming a good protection. In some cases there is a second 
spine on each side near the proximal end, but this is not common; also in 
one zooecium I have found a central proximal spine. The oral spines stand 
erect, and therefore it is impossible to give an idea of them as seen from 
above—consequently a few pressed down are drawn to show the shape. 

Cribrilina raoiata Smiit. 

The specimens from the Cape Verde Islands are fairly typical C. radiata^ 
a species subject to much variation. They have about 11 ribs, and there are 
5-7 pores in a ray. There is no sitboral pore visible, but in dried specimens, 
afterwards decalcified, a row of 6 pore* disks is seen below the aperture with 
a single pore in the middle, the same size as the others, but tbis semicircle of 
pores must probably be considered as the upper series of the radial pores. 
On each side of the central pore there is usually a small nodule. By the 
side of the more or less oval zooecia there are elongate avicularia, as fre¬ 
quently described ; as is generally the case in Crihrilina^ there is no 
avicnlarian cross-bar, though one occurs in C. monocerosy Busk, which, how¬ 
ever, most workers would now remove from Cribnlina on other grounds. 
The large bordering spines to which reference will be made are about 11, 
the two upper ones, being much longer than the others, have been mistaken 
for setae or vibracula. 

In a stained specimen, from Bapallo, the small frontal pores are each 
in the centre of a much larger disk. 

The ovicells have nodules, and sometimes a keel dividing to each lower 
corner. 

The opercula are separable and are of quite the same type as in C. punc^ 
tatUy Hass., C, Gattyce, Hincks, C. Balzac^ Waters, and I fail to see any 
reason for separating a genus PuelUimy Juliien, as maintained by Levinsen. 

The primary zooecium has 11 spines, while that of C. punctata^ Hass., 
has 12 (Hanner), tliat of C, projecta, Waters, has 12, that of C. 
mcnocerosy Busk, has 9 (Harmer), that of C. Gatiywy Hincks, has 11, while 
the closely allied (7. Balzacij Waters, has a primary zooBcium similar to the 
ordinary zooecia, and this, according to Barmer, is also the case in C. 
annulatUy Fabr. The primary of Meinbramporella nitiduy Smitt, has 10 
spines fairly regularly surrounding the zooecium, but it may be seen that 6 
are oral spines and 4 zooecial, Hincks evidently made a mistake in describ¬ 
ing 14 spines, for his figure in Brit. Mar. Poly, pl^ 27. fig. 6 is clearly 
not a primary. In M. nitida aepumber of zooecia, after the primary, have 
a Membraniporidan character somewhat like M. UneidUy Hincks, and taking a 
fairly typical colony of M. nxtida from Oban, Scotland, the second series have 

^ In speskisg of pores it is not meant ^at ^eie a dire<$t openiiig to the interior. . 



BhVoZOA 01^ Tb« CAPE VERDE ISLANDS. 


11 


6 oral spines and two or three delicate zooecial ones. The following series 
have 4 distal spines and 2 oral. None of the subsequent zooecia have lateral 
spines, while in the next scries (circle) there are two zocecia with two distal 
spines and one oral on each side; whereas two other zocecia in the same 
series have the flat spines characteristic of nitida and meeting in the median 
line. Thus the early zooecia are distinctly Membraniporidan, in each row 
approximating gradually to the mature nitida. 

There are several cases in the Cellularidse, and other families, in which 
the zocecia immediately following the primary are intermediate between it 
and the following zooecia. 

Hincks, Norman, and Levinson have placed Memhranijwrella under 
Cribrilinida% and Norman * has written a lengthy description of the bars or 
spines, comparing them with other Cribrilinidse, but what he describes as 
the loop is only the base of the spine arising from the lateral wall. His 
figures {pi. 8. figs. 8, 9) are difficult to understand without examination of 
specimens and are far from satisfactory. The bars are simply spines such 
as we see in many Membmnipora*, and they do not touch their neighbours 
at the side continuously for the wdiole length. These spines are an arch 
over the frontal membranous wall with which they are not in contact, and 
the operculum, which is of a Menibraniporidan type, is not separable, and is 
ill the membrane in no way connected with the spines. We may ask if 
there is any reason for generically separating it from Memhranipora, and 
must answ'er. No—as Srnitt has already done. 

The ridges of Cribrilbut have been supposed to show that it was very 
closely allied to Memhraniporella nitida^ but the difference is much greater 
than first appearances suggest. 

In 1879 t I mentioned minute spines round the area of C, Gatfyw^ Hincks, 
and since then Harmer} has described spines surrounding C. radiaia §. 
I have made decalcified and shiined preparations, and even decalcified 
preparations of dried specimens of various species, for they often show im¬ 
portant structures, and these preparations led me to doubt the theory of the 
frontal wall being formed of confluent spines. My decalcified preparations 
of <7. radiata from several places show a row of bluntly pointed, erect spines 
round the border of the zooecium, with the two distal ones much longer and 
narrower than the others, and acute. Of course, these free erect spines have 

* Natural History of East Finiuark/* * Ann. Mag. Nat. Hist. ser. 7, vol. xii. (1903) pi. 8. 
fig. 18, pi. 9. figs. 4, 6. 

t “Biy. of the Bay of Naples/' Ann* Mag. Nat. Hist, ser. 5, vol. iii. (1879) p. 36, pi. 9. 
fig. 6 a. 

t ** Chi the Morphology of the Cheilostomata,” Q. Journ. Micr. Sci. vol. xlvi. p. 326. 

§ Probably these must be compared with the large stout spines which I figured round 

Hipputhou Brimgniartiii d*Orb. in Ann. Mag. Nat. Hist. ser. 7, voL xv. (1905) p. 10, pi. 1. 
figs. 1 and also with the s^ea of laprtdim Fomomi , Hincks. 
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nothing to do with the ribs (ridges). I am thus able to confirm part of what 
Harmer has written on this point, though it may be somewhat differently 
s^ted, and the rows of small radial pores are, as mentioned by Harmer, in 
line with these spines, and in between are the ribs. We have been accus¬ 
tomed to speak as it the ribs were the most important frontal structure, 
whereas it seems that it is the pores which are the more important, with the 
ribs produced later and of secondary importance. In specimens of C. Balzac% 
and in other species the young zooecia, with only a membranous front, show 
the pore disks before any calcification takes place, and we may see in many 
forms that calcification has formed round these pore disks; and Norman in 
his figures of C\ nitido^-punGtata, Smitt, and C. Gattytey Hincks, shows a 
thicker calcareous deposit round the disks, though he did not appreciate the 
importance of his observation. Where there is a distinct area, as in 
C.jBalzaciy&o.y and in C.jiyularisy Hincks, there is a surrounding row of large 
pore disks, often dark and chitinous, with smaller transparent pores, radiating 
from the centre, from these large disks. These large pores are probably 
vestigial, seeming to give a record of ancestors having had spines. The 
frontal wall of C. radiata occurs right up to the spinous circle, and may be 
attached to the spines, but this does not justiiy our assuming that the frontal 
wall of either C. radiata or other Crihrilinw is formed by overarching spines, 
and it is the supposed resemblam'-e to Memhraniporella nitida which has led 
to this assumption. There are a great many species in various genera in 
which there is a more or less radial arrangement of the pores, and a fuller 
study of Cribrilina should explain various structures, for of course the spines 
aud pores show a close developmental connection, even though former 
explanations may not be correct. 

The opercula measured range in size from C, radiata (form called setosuy 
Waters) 0’07-0’08 mm.; C. radiata^ Uape Verde Islands, 0*08 mm.; 
C. Gattyas, 0*07 mm.; C. radiata^ some specimens, O'l min.; C. Bakaciy 
0*1 mm.; C. punctata^ Hass., 0*12 mm.; C. patayonicOy Waters, 0'15 mm. ; 
C. fiffularisy Hincks, 0'17 mm.; C. latimargincday Busk, 0'2 mm.; V. moao^ 
ceroSy Busk, and C. acadhoceroSy MacG., 0*22 mm. 

C* patagonica. Waters, has on the under surface of the operculum pro¬ 
jections of a Membranipora type. 

Norman* still considers that there are two species, C. radiata and 
C, irmominatay although most workers have united them, but in my own 
ooUeetion I am unable to find characters by which they can be separated. 
In British, Naples, and Madeira specimens, which Norman would probably 
call mnominota, there are frequently many avioulatia, tiiiough some specimens 
may liave few or none. The nuij^r of ribs varies from 8-20 ; the elevation 
of the so-called bars is not a satisfactory distinction. 

^ ** JPoJjsoa of Madeira,” &e., Jenrii. SoCm ZooI. voL xxx. (1909) p. 291« ^ 
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It is advisable to cdl attention to the similarity between the primary 
zooecia des(5ribed by Sinitt in his IHscopora roccinea D. vetitncosa Sraitt, 
D, stenosfoinat^ Slnit^ and the mature zooecia in certain Crihrilime such as 
C. Gattya, (\ Balzaci, and to a certain extent C. fif/nfarisy Hincks. 

Loc, Very widely distributed. St. ViiKJcnt Harbour, 10 fath., collected 
by Crossland. 

FossiL Eocene, Miocene, and Pliocene. 

Thalamopohella Rozieri (Audouin), Iliacka, (Plate 4. figs. 9, a, ft, c.) 

For synonyms and localities see Waters, “ Hryozoa of the Sudanese Hod Sea,’^ Joum. Linn. 
Soc., Zotd. vol. xxxi. (li)09) p. 141, pi. 15. fijrs. 12--lo, and add:—^ Uobertson, “Incrust. 
ChiL Dry.;* Univ. of California, Pub. Zool. vol. iv. (1908) p. 277, pi. 17. fifrs. 27, 27 «, 28, 
29, pi. 18. tip. iiO; Jjevinsen, Morph, k Syst. Studies on the Cheil. Hry. p. 181, pi. 6. 
fiffs. A-, pi. Oft. figs. 1 ft ( J9(>9); POsburn, “ Bry. of the Tortiigas Islands, Florida,” 
Publ. 182, Carnegie Inst, of Washington, p. 190 (1914). 

Vineularia novfH-hollamUip^ Haswell, Proc. Linn. Soc. N.S. Wales, vol. v. (1881) p. 41, 
pi. 8. fig. 8. 

Tkalamoporella noo/n-holiandi^^ Loviiisen, Morph. & SysU Studies on the Cheil. Bry. 
p. 185, pi. 6 rt. figs. 3n-8/ (1009). 

The form from the (^apc^ Verde Islands is the same as that from the Red 
Sea, described by me in the Sudanese Red SeaReport, which must be 
taken to reproscmt fh(‘ type well figured by Savigny, who a{>jmrently found 
no aviculuria, and tlie opercular knobs were very ]>ronounced ; Imt in the 
('ape Verde Islands specimens there is gr(‘at variation in this respect, <and 
sometimes in the younger parts of a colony none are seen, whereas in older 
parts they occur as figured by Savigny. This is a very variable character 
throughout the family. Of the varietie.«i figured by Hincks § the one most 
nearly approaching the U<m 1 Sea form is Steganoporella Bozieri^ var. indieay 
Hincks, whereas the variety falcijem seems entitleil to specific rank as 
proposed by LoviiisHii. Probably var. lahiata, Levinsen, should also be given 
generic position as the type of a\icularia is different. 

Most of the zomcia are about 0*65 mm. long, but some are longer, others 
shorter, an<l this is about the size of co-type specimen.s of T. novw-hollamim^ 
Hasw., sent to me by Haswell. These I have considered were T, RozieHy 
hut as my specimens were without membranes they were not suitable for 
studying the spicules; however, examination shows a ‘‘curve,(spicule), 
which Levinsen says does not occur. It is somewhat larger than the average 
size in 7'. Bozien from the Red Sea and Oape Verde Islands. My specimens 
of novceJwllandta* are cylindrical and hollow, while Levinson speaks of the 
colonies being partly incrusting, partlj’^ free hollow branches, and I see no 

• “ Krit. Forteck. ofv. Skand. Hafs-Bry,,” Ofv. Kongl. Vet.-Akad. Fork. (1867), Bih. 
pi. 27. %. 168. 

t Ib. (1871) pi. 21. fig. 81. t Ib. (1871) pi. 21. fig. 29. 

$ Ann. Mag* Nat. Hist. sur. 6, vol. vi. (1880) p. 879, pi. 16. fig. ]. 
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ground for separating T, nova-heilltm^ from Rozi«ri. Fitrtber 
oleaning of one of my speoimeiu, sent by Hasvell, revealed an avionlatinm 
similar to the one figured by Levinsen. With ovioells and avienlaria 
nnknown, it was difiSonlt to be oertain of the speoifio identity. 

Levinson’s studies of the spicules in ThalamoporfUa are most important, 
bnt we do not know much as to the positions in which they occur, nor as to 
their object. In T. liozieri from both the Bed Sea and Cape Verde Islmids 
there are two bundles of the long straight spicules starting from near the 
operonla and passing diagonally by the walls of the opesinles to the lateral 
walls, near the basal wall (PI. 4. fig. 9). The long straight spicules are 
mostly free in the zooocium, and at one time I wondered whether they were 
arranged in this way by the polypide passing in and out of the soceoinm, bnt 
these bundles occur in very young zooeoia before any calcareous frontal wall 
or operculum is formed. There are on, or in, the membianes spicules which 
Ijevinsen called curves, but in the sponges they would be called sigmas or 
arcuate spicules and perhaps it would be well to speak of them as sigmas. 
These are remarkably abundant in 7% Jerwui, H., and T. mamllarit, 
Lamx, from various localities. A specimen of Jervoisi, from Queensland, 
in my collection, has these spicules in great abundance in both the basal and 
fron^ membranes, and at the growing end where the beginning of the 
laiand wail is only just indicated, on the supporting seaweed, these sigmas 
are massed in abundance. 

Dr. Alice Bobertson considers that her specimens, from La Jolla, California, 
are var, indiea, Hinoks, which hardly seems to ditfisr from the type, others 
from San Pedro are articulated, and I expect this will ultimately be generically 
separated. Osburn considered bis B|tecimens from Tortn^s Island were var. 
labiata, Levinsen, but the difference of the avioulariam as figured by Levinsen 
may suffice to make laliata a genus. 1 do not consider that the presence or 
absence of avienlaria is of first class importance, as oftmi some colonies of 
Tke^nuportlla may have them while other# are witbont; on the contrary, 
the type of avicnlarium and mandible is of material importanoe. 

Lo^iHet, additional. California, few fath.: San Diego (Riibertwn), 
Florida, Jamaica, Tortngas Bay; Cape Verde Ishtads, St. Vincent Batbour, 
10 feth., collected by Crosshmd. 

Sottap)iroBEi>u. cmooiuns (JbAnston), Pifrpent. (Plate S. figs. 22.) 

bW syBoayoM sss Watsis, "Ihyosoaef (he asdsse s e Sad fisa,* Joum. liaa. See., 
Setd. wd. mni. (1«0e> p- 149, pL U. tigs. 18, id, ^ «4d >- 

IHs Bey. des Wait Narwsg:. P< 99 ^dieg. A iKsl. Xiweii. fat 

Simmgisa BMs, p. 199, pi. 9. Bgs. S%4ni, 87 tm(fh Oslvat, IlM 8e. da ^Tiavsillsar ' 
stita^^lllitilssaB,’ vel. vffi. (IBV) p, si ludehra aadaaig|il«aifa^ 

lbBiMa4%” Jetttlk. flna. &>&, Seat, vsi xsx, f; 9 O 84 Olfba*at si Weeds 
BeSy Bar. vsL mtx, (19^ p. iHd, pL B9. fig* 49> ft- ^ % 91 {^ 

4!f#h fwlhpM Xiilw^ 2^ 
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Omsland sent some thick pieces from underneath a coaUlighter, ih St. 
Yincent Harbour, Oape Verde Islands, and says. this is the first of the host 
of forms to make an attachment to the lighter/^ One block was about 
170 mm. X 140 mm and 7 mm. thick. Some colonies oocxir on a stone 
brought up by a diver. In my last two papers * it has been pointed out that 
the soceoia are frequently superimposed, and this I referred to in a species 
oi Meliceritites. It cuss has shown the same thing in Cumulipora angulata^ 
V. Maehr, and Lee t calls attention to Ulrich f, «*aying, in the Trepostomata 
and many Oryptostomata the tubular zooecinin really represents a series of 
superimposed cells.” 

This species shows the “ closures ” more cleaily and distinctly than any 
other I have come across. The calcareous matter is evidently deposited by 
a cellular tissue over the operculum. When a zoarium consisting of several 
layers is examined from below, tho chitinous opercula in the older layers 
may nearly all be scon remaining in the oral aperture in their natural position, 
and when the zooecia from these lower lavers are examined from above the 
opercula are mostly without any calcaieous growth, while others have a 
calcareous layer over part or all of the operculum. Near the centre of the 
operculum, or rather distal to tho centre, a tubule grows through this super- 
opercular deposit, which may be quite short (figs. 14, a, 6) or may form a 
noticeable tube, for in one case a fine tubule joins the inner wall of the next 
layer of zocecia (fig. 14, d). The mandibles in 4$. spongites^ Smitt, are also 
sometimes similarly covered with a calcareous deposit. 

Sehizoporella Thornely, in large masses, shows in the upper layers 

no calcareous deposit on the opercula, nor any tubule or tubercle ; but when 
the upper layer is scraped awaj, then the opercula of the underlying zooecia 
are mostly seen to ha\e a stout tubercle over the middle, but only in a few 
oases is there any calcaieous deposit. The new zooecia in S. viridis are 
placed irregularly, quite independently of the layer below, and only 
accidentally do the walls of the newr zooecia pass over the old opercula, but 
where this has occurred there is in one or two cases a thickening of the 
operculum under the new wall. We thus see that the position of the layers 
of zooecia is quite different in 5. viridis (fig. 18) to what occurs either in 
8* unicornis or in 8. porelliformis §, nov. (PI. 2. figs. 19-21, an African 

e Sudanese Red Sea,” Journ. Linn. Soc., Zool. xxzi. (1909) p 144; ^<Bry. from 
Zanaihar,” Pros. Zool. Soc. 1913, p, 602. 

t Oarb. Trepostomata,” Mem. Geol. Surv. of Gieat Brit, Paleoiht. vol. i. pt. 3, 

p. 146 (1912). 

t Ulrich, E. O., *^Fal. Bry.,” Pal. of lUinois, Geol. Suivey Dlinois, vol. viii. pt.2, p. 322 

afioo). 

{ BeMssporMs porsU^ormh, sp. uov. (PI. 2. figs. 19-21). It is much like S, nivsa in 
mm cbisatimmf but is larger with larger apertore, Ac, The surface and the laxge round 
oeknils have Imge pitted pom. It U bi-multilaminate. The oral apertum is nearly 
epeUd^as tba stalls ie tmAy the width ^ the aperture. The operculum has the muscular 

There are erne or two 


16 


MR. A. W. WATERS OK THE HARIKK 


specMS which T have long known in mannscript), there being important 
specific differences in each. 

The closures and tubules are very important, as the same thing oocnrs in 
various recent and fossil Oheilostomata *, though often called “ operoula,*' 
as it has frequently been supposed that the aperture was closed by this 
calcareous film, independently of the chitinous operculum, whereas from 
analogy we may feel sure that the calcareous deposit was formed over the 
operculum, there being therefore an important structural differenoe in the 
closures of the Cheilostomata and Cyclostomata, so that, in fiict, it is donbtfnl 
whether the name closure should he used for the deposit in the Cheilostomata. 

In MeliceritHes (fossils very abundant in the Jurassic and Cretaoeons 
formations) the closures with tubules are very common, and I have shown 
that the family had avicularia with mandibles; italso had opercula, and we now 
know that such closures and tubnles are not resirioted to the Oyclostomata. 
The new layer in some species of Melieeritites has the distal wall passing 
over the operculum of the under layer just as described in Sehizoporella 
mvea t. Busk. Further, the shape of the zooecia in Melicerititei is not regu¬ 
larly tubular as in Oyclostomata. As we have several truly Cheilostomatons 
characters I have protested against Melieeritites being called Oyclostomata; 
4 »i the other hand, Gregory and Levinson have shown that the large ovioells 
have' Cyolostomiitous characters, which may be sufficient to prevent the 
family being placed with Cheilostomata ; certainly it should never be called 
Oyclostomata. 

Levinsen $ speaks of layers of growth being a Oyclostomatous character, 
bat there are several Schizoporellw with mnlti-layered growth, and this is 
often the case in AdeoneUa, Cellepora, Mieropora, Sus. 

In examining the opercula of S. unieomis in decalcified material I came 
across a very abnormal doable one, having two proximal ends,' each with a 
wide arc, like those of the normal form, and there are four muscular dots 
(fig. 22). 

Loe. Generally distributed in the nmthern hmnispbere and the tropics. 
St. Vincent Harbour, Cape Verde Islands, 10 fath., collected by Orosslund. 

SpHizoPOBEiiLA SPOKGITE8 {Pollas), Stniu. (Plate figs. 10-13.) 

SsdMta spm^tss, Pallas (pars), Elenchos Zoophytorum, p» 47 (17EB). 

JBtjyxMim spongifes, Smitt, Ploiidaa Biyozoa, p. 42, pL 8. figa X61-168 (1878). 

•Sehhytordkt spos^tes, Thomdy, Report oa Pa^rl Oystur fisheries of the GuR ctf 
Msnaar, p. 114 (1206); Lemaen, Moi^h. & Ryst. Studies on the Cheil. Bryosoa, p. 824, 
pl« 1$. 4 a-4 (1909); Osbara, Ihe ftyosoa of the TortUgss Islasds, Florida,” PubL 

1^; Owmei^ Inat., p. 307 (1914). 

■■■ '." ■■■ ' ■.■. ' \ ' ' ■ ' " '... .■ . .' ■ ■■ 

, * Jwm 3!ati»ibgV* jProCe ZoisJ. Sews* 191A, p. 604 

, t ^ Ziifljdbar,*'l*We ZooL Bocia IdjtSp jpip. 603,604. 

^ tite Vide Skfe tOI, x. <1912} j, 19, 



BRYOZOA OF THR CAPR VBRDR ISLANDS. 


17 


From the Cape Verde IsIuikIb tliere are two specimens, one of which is 
11 cm. X 7 cm. They are solid, many-layered masses (up to 25 layers), rising 
in places into large mammillated mounds. These specimens are white and 
have been dead some time, as there are no opercula. Besides these there are 
a few colonies growing on stone forming one or two layers. Lower than 
the oral aperture, on one or both sides, there is a small avicularium with 
acute mandibles, and there is sometimes a small central umbo. The frontal 
surface is perforated, except just below the aperture, and there are large 
vicarious avicularia scattered about. Above the oral aperture there is a 
lined or crenulated ridge. The oral aperture has two denticles by the 
proximal edge, as can be seen from above (fig. 11), or better from the interior 
(fig. 12), and the operculum shows two hollows into which these denticles fit; 
these are what Buvsk calls “ foramina ** in ('ellaria, and I have shown ^ that 
they are sockets into which the teeth fit. The operculum is drawn from a 
specimen from Manaar, kindly given to me by Miss Thornely, and with 
regard to the minute details of the aperture and the surrounding ridge, &c., 
it corresponds in every detail with the specimens from (^ape Verde, but does 
not have more than two layers of zooecia in any part. 

The ovicell is very large, being about twice the size of that of Schizoporella 
unicornis^ Johnst., with a pitted surface, and at the opening two denticles 
directed distally, but I have not seen them nearly meeting, as figured by 
Levinseu, The ovicell usually quite conceals the oral aperture, and it is 
quite exceptional for any trace of the aperture to be seen, as already mentioned 
by Levinsen. 

The large vicarious avicularia occur frequently in a large number of 
species called Cellepora, and certainly most of the older writers would have 
placed this, with its solid irregular growth, under Cellepora; however, it has 
long been recognized that many species known as Cellepora must be united 
to Schizoporella. 

I have said t that the Cellepora spongites, Pall., was Schizoporella tmicornis, 
the form which I called en^atay and this I consider to be the case, but 
apparently, from the reference to previous figures, and from his description, 
Pallas was considering three distinct species, namely Schizoparella unicornisy 
and S. eanguxneay Norm., both from the Mediterranean, while the one he last 
refers to from America is what Smitt placed as S. spongitesy though where 
only zoarial characters are referred to it is impossible to speak with absolute 
certainty, as two species may correspond zoarially. The first two species are 
now well known under other names and spot^gites^^ has been used by 
several anthorities, so that even if rules should suggest a new name it'would 
teem as if the plan adopted by Levinsen is the best—that is, to call it 
S» zgHmgiiei (Pallas), Smitt. 

^ Bsport file Voyage of the ^Challenger,^ vol. xxxL pt. 79, p. 16. 
t loom. X4n&.Boe., 2 iOqI. voL zxxL (1967) p. 146. 
i4Mr. ^ouBir.^oox«oaY, xxxxv, 2 
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Oran (Algiers) ; Florida; Vineyard Sound, Buzzard Bay, 1-19 fath., No 
Man’s Land, Nantucket, Sandwich (Oslmm); from underneath a coal-lighter 
in St. Vincent Harbour, Catpe Verde Islands, collected by Grassland. 

Hippothoa distans {Htneks). 

Cosmopolitan. 

Hippothoa divaricata, Lamouroux. 

For synonyms see Miss Jelly's Oatalogfiie, and add:— 

Waters, Rdsult. du Voyage du S.Y. ‘ Belgica,’ Bryozoa, p. 63, pi. 7. fig. 8 (1904); “ Bry. 
from near Cape Horn,” Journ. Linn. Soc., Zool. vol. xxix. (1004) p. 238; *‘Bry. from 
Zanzibar,” Proc. Zool. Soc. 1913, p. 601; Nordgaard, Hyd. &, Biol, Invest, in Norwegian 
Fiords, p. 165 (1906); Robertson, Incrust. Chil. Bry. of N.W. Coast of Anienca,” Univ. of 
California, Pub. Zool. vol. iv. (1908) p. 290, pi. 21. figs. 69,00; Norman, “ Polyzoa of Madeira,’’ 
Joum. Linn. Soc., Zool. vol. xxx. (1909) p. 299. 

Loc. Cosmopolitan, including Woods Hole, Madeira, and between Fayal 
and Pico. From slight depths to 1000 fathoms. 

Hippothoa hyalina {Linnceus)^ Waters. 

For synonyms see Schizoporella hyalina in Miss Jelly's Catalogue, and add:— 

MolUa hyalina, Barrois, Emb. des Bry. p. 103, pi. 9. figs. 4~17 (1877). 

Schizoporella hyalina, Levinsen/ Zool. Dan. ‘ Dauske Dyr' (1894), p. 06, pi 6. figs. 47 *67; 
Robertson, “Bryozoa,” Proc. Washington Acad, of Sc. vol. ii. (1900) p. 326; Cal vet, Bry. 
Mar. de Cette, p.44 (1902); Hamburg. Magalb.Sam, Bry.p, 26 (1904); Kxp<$d. Sc. ^Travailleur’ 
et ^Talisman/ vol. viii. (1907) p. 415; Robertson, Incr. Chil. Biy. p. 289, pi, 19. figs. 43-45 
(1908). 

Hippothoa hyalina, Waters, *^Bry. from Franz Josef Land,” Journ. Linn. Soc., Zool, 
vol.xxviii, (1900)p. 70,pi. 8. figs, 16-18; ‘‘Bry, from Chatham Island,” Ann. Mag. Nat. 
Hist. ser. 7, vol. xvii. (1906) p. 19; Norman, “ Nat. Hist. Finmsrk,” Ann, Mag. Nat. Hist, 
ser. 7, vol. xii. (1903) p. 108; Nordgaard, Hydr. & Biol, of the Norwegian Fiords, p. 166 
(1006); Kluge, '*Erg. ub. die von der Olga gexamm. Bry.,” Biol. Anst. auf Helgoland, 
vol. viii. (1906) p. 39; Levinsen, Morph. & Syst. Studies on OheiL Bry. p. 270 (1909); Osburn, 
Bry. of Woods Hole, p. 236, pi. 24. fig. 47 (1912); Sumner, Osburn & Coles, ** Biol. Survey of 
the Waters of Woods Hole,” Bull. Bur. of Fisheries, vol. xxxi. (3913) p. 603, 

CeUeporella hyalina, Norman, Ann. & Mag. Nat. Hist. set. 0, vol. xiii. (J804) p. 129; 
Bidenkap, Bry, von Oat Spitzbergf^n,” Zool. Jahrb. voL x. (1897-8) p. 621; “ Bry.,” Anstalt 
Helgoland, vol. iv. (1900) p. 262; **Biy. von Spitsbergen und Konig Karls Laud,” Fauna 
Arct. vol. i. (1900) p. 612; ‘‘Forteg. ov. de Arkt. Bry.,” Bergens Mas. Aarbog, 1906, 
No. 9, p. 18. 

There is one small colony growing on the seaweed with Amatkia. 

Loc. Fairly cosmopolitan from both hemispheres, occurring from tide- 
levels to over 2000 metres. Cape Verde Islands, collected by Crossland. 

Artbbofoma Cboilii {Attdmin)^ Levinsen. 

Waters, Bry. fr<aii Zanzibar,” Proc. Zool Soc. 1918, p, 608. 

Schh/opforelSa OteilH, RobertsoBy ” The XncruatiBg Bzyozoa of the W. Coast of N. America,” 
tJ|dv* ,of ijatlfornia Pub. in Zool vol iv. (1908) p. 288, pi. 19. fig. 42. ‘ 

L^. General in die norijb temperate zones; Indian Ocean, AustraJla; 
JEiairzibair shi^ ( Waters ); Bed Sea ; Japan; I'ape Verde lelandis, collected by 
^Croedand. V ' 
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Choeizopora Brongniartii (^ Audouin )^ Ilincks . 

For syuionjms see Miss Jelly’s Catalogue, and Calvet, Expdd. Sc. du ‘Trsvailleur ’ et du 
^Talisman,’ voL viii., Bryossoaires, p. 418, and add:— 

Levinsen, Morph. & Syst. Studies on the Cheil Bry., pp, 275, 276 (1909); Angelis 
D. Joaquin, Los primeros Briozoos enc. en los Bepdsitos Plioc. de Oataluha,” Mem. de la 
C. y Artes de Barcelona, .p. 36 (1900). 

Loe , British and French coasts; Guernseys; Mediterranean ; Australia; 
Dunedin and Foveaux Straits, New Zealand; S. Africa ; Canaries; Azores; 
Madeira; St. Vincent Harbour, Cape Verde Islands, 10 fath., collected by 
Crossland. 

Smittina TRISPINOSA, var. PKOTRCTA, Thornehj . 

Waters, ‘‘ Bry. from Zanzibar,” l^oc. Zod. Soc. 1913, p. 513. 

Loc . Gulf of Manual' ( Thorneiy ) ; Red Sea ( Waters ) ; Wasin, Brit E. Africa, 
10 fath. ; St. Vincent Harbour, Cape Verde Islands, 10 fath., collected by 
Crossland. 

Smittina tropica, Waters . 

Smittina tropieat Waters, Joum. Linn. Soc., Zool. vol. xxxi. (1913) p. 174, pi. 17. 
figs. 10-14. 

Loe . Red Sea ; St. Vincent Harbour, Cape Verde Islands, 10 fath., 
collected by Crossland. 

Lbpralia ? cuoullata, Busk . 

For synonyms see Waters, "Mar. Biol, of the Sudanese lied Sea, Bryozoa," Joum. Linn. 
Soc., Zool. vol. xxxi. (1909) p. 150. pi. 15, %». Lo, 10, and add;— 

SvhisoporeUa cacttl/a/d, Jullien et Calvet, Bry.prov. desCamp. de THirondelle, p. 141, pi. 16. 
figs. 7,7 a (1903); Calvet, £xp4d. Sc. du ‘Travailleur’ et du ♦ Talisman,’Bryozoairea, vol. viii. 
(1907) p. 415. 

The opercula of specimens from the Cape Verde Islands are somewhat 
larger than those from the Mediterranean. 

Aoc. Mediterranean ; Red Sea ; Mazatlan; Ceylon; California ; S. Africa; 
Azores; lies Brancot, Cape Verde, 110-180 met. { Calret ); St. Vincent 
Harbour, Cape Verde Islands, 10 fath., collected by Crossland. 

Lepralia peristomata. Waters . 

Zepralia peristomata^ Waters, “Bry. from Madeira,*' Journ. Roy. Micr. Soc. 1899, 
p. 10, pi. 3. fig. 20; Norman, " Polyzoa of Madeira, &c.,” Journ. Linn. Soc., Zool. vol. xxx. 
(1909) p. m 

Lepralia MagnsvUla, Busk (non Sav. et Aud.), Q. Joum. Micr. Sci. vol. viii. (I860} 
p. S84, pL 31. fig. 5. 

Two small tubercles can be seen on the front of the operculum towards the 
proximal part in the position figured by me ( loc . cit . fig. 20). They can be 
exammed in dried specimens in which the apertures are closed by the 
opercttla. 
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In Lepralia peristomata the peristome entirely surrounds the aperture, 
whereas in Lepralia crassimarginata^ Hincks, afterwards described by Jullieti 
as L. collaris, there is only an elevation a short distance below the proximal 
edge of the aperture. There is, however, in L. peristomata a great range in 
the development of the peristome, as some zooecia show hardly any, whereas 
in others it is much raised.. 

Loc. Madeira [Busk^ Waters^ Norman)^ 15-70 fath.; St. Vincent 
Harbour, Cape Verde Islands, 10 fath., collected by Crossland. 

SCHIZOTHECA FISSA (Busk)^ Hincks. 

Lepralia fissuy Busk, Q. Journ. Micr. Sc. lol. iv. (1866) p. 808, pi. l>. figs. 8~10; Waters, 
Ann. Mag. Nat. Hist. ser. o, vol. iii. (1879) p. 43, pi. 11. tig. 0. 

Schizotheca JUsa^ Hincks, Brit. Mar. Pulj'ssoa, p. 284, pi. 41. figs. 1-3 (1880) $ Ann. 
Mag. Nat. Hist. ser. 6, vol. xix. (1887) p. 303; Neviani, post plioc. di Spiliuga,*^ 

Atti d. Accad. Gioen. di Sc. Nat. in Catania, vol. ix. (1896) p. 34, fig. 17; “ Bri. delle Form 
Plioc. e Postpl.,” Bull. Soc. Geol. Ital. vol. xvii. (1898) p. 12; “ Bri. iieog. della Calabria,” 
Pal. Ital. vol. vi. (1900) p. 202, pi, 18. figs. 4,6; Cal vet, **Bry. du Corse,” Trav. de llnst. de 
Zool. de rUniv. de Montpellier, ser. 2, M4m. 12, p. 25 (1902); Exp. Sc. du ‘ Travailleur * et du 
‘Talisman,' Bryozoaires, vol. viii. (1^7) p. 4^; Leviusen, Morph. & Syst. Studies on the 
Cheil. Bry. p. ^4 (1909). 

There are only one or two small pieces, and in these a number of the 
isarliest or disk stages of the ovicell occurs, but very few completed ones; in 
these the ‘‘fissure*^ is not as large as in my British and Mediterranean 
specimens^ but the median portion is thin. Levinsen does not deal, in 
eatenso, with the genus, merely putting it in the family Reteporidte. This 
has long seemed to be right, as the open ovicell is similar to those of the 
group of Reteporw with the wide fissure as in R, Imperati, Busk *. The 
labial fissure or pore is also very well marked, and this, as I have said, is an 
important* character of the genus. 

Loc. Guernsey; Sidmoiith; Plymouth; Cornwall, 30-4:0 fath.; Ireland; 
Naples; Capri; Adriatic; (Jorsioa, St. Bonifacio, 55-77 met. (Calvet 
and J/. Edw.)^ Bastia, 40-60 met. {Calvet)^ Bay of Cadiz, 717 met. (Calvet); 
St. Vincent Harbour^ Cape Verde Islands, 10 fath., collected by Crosaland. 

Holoporella PUSILLA (Sniitt), Waters. (Plate 2* figs. 7-9.) 

IHsoopora aUdrostriSt forma pusiUa, Siuid, Floridan Bry. p. 70, pi. 12. fig. 238 (1873). 

^Cdlt^pora Waters, *‘Bzt. from Madeira^” Joum. R. Micr. Soc. 1899, pi. 8. 

fig. 12; Norman, ^‘Poly. of Madeira,” Joum. Linn. Soc., Zool. vol. xxx. (1909) p. 811. 

Lepralia Watersi, Calvet, Expdd. Sc. du ‘Travailleur’ etvdu ‘Talisman,’ Bryozoaires, 
VoL viii. (19C7) p. 412, pi. 27. fig. 11. 

The younger zooecia, near the border, show six long spines, whereas the 
older ones ^ve only one at mcli side. The ovicell is small, raised, and 

. t Watem, “Med. Sc- N. Zeal Beteporida^’’ Joum. Xinn. Boo., Zool vol. zxv. (1894) 
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Mridely open in front, and at one side of the zooscia near the aperture there 
is a small acute avicularium ; in a few cases there is one on each side, with 
occasionally an avicularium in other positions. Generally there is no mncro 
to the ovicells, though in one specimen many of the ovicells are mucronate, 
or even might be said to support a long spinous process, and the frontal 
projection, as figured by Calvet, has been seen. There was no ovicell to the 
specimen from Madeira. Tlie surface of the zooecia and of the ovicell is finely 
granular, and there are a few largo pores round the border of the zooecia. 

The aperture measures about 0*08 mm. 

Loc. Florida, 9 fath. {Smitt) ; Madeira ; lie Brancot, Cape Verde Is., 
20-25 met. {Calvet) : St. Vincent Harbour, Cape Verde Islands, 10 fatb., 
collected by Crossland. 

HolOPORBLLA APBRTA {Hincks)^ Waters. 

For localities see Waters, Marine Fauna of Brit. E. Africa,” Proc. 25ooL Soc. 
1913, p. 322. 

There is only one small colony, growing on a piece of coal, so that no 
preparation could be made, but there seems no doubt as to the identity. 

Loc. Singapore or Philippines ; Ceylon ; Indian Ocean ; Zanzibar and 
Brit E. Africa ; (Juba ; St. Vincent Harbour, Cape Verde Islands, 10 fath., 
collected by Crossland, 

MicaoPORELLA OILIATA (Pallas), Harmev. 

Fop localities sec Waters, Marine Fauna of Brit, E. Africa,” Proc. Zool, Soc. 1913, 
p. 623, and for synonyms add; Lepralia dlinta, Barrois, Embrj'ologie des Pi-}ozoaires, 
p. 149, pi. 7. %». 4, 0, 7, 16,19 (1877;. 

MicroporelUt ciltata, Ilariner, ** Morph. Cheil.,” Q. Jourii. Micr. Sc. vol. xlvi. (1902) p. 316; 
Waters, “Mar. Biol. Sudaneee lied Sea,” Journ. Linn. Soc., Zool. vol. xxxu (1916) p. 443; 
Otbum, *^Bry. of Woods Hole Uegion,” Bull. Bur. of fisheries, vol. xxx. (1012) 
p, 233; Osburn, Sumner & Cole, Biol. Survey of the Waters of Woods Hole,” Bull. Bur. 
of Fisheries, vol. xxxi. (1913) p. 601, 

Loc* Cosmopolitan; Cape Verde Islands, collected by Crossland. 

Adeonella oontorta (Michelin)^ Waters. (Plate 4. figs. 10-15.) 

Zaminopora eontorta, Mich. Magasin de Zoologie, 1842, pi. 3; Waters, some Recent 
Bryozoa in d^Orbigny^s Collection,” Ann. Mag. Kat. Hist ser. 7, vol. xv. (1905) p. 10. 

Schizoporelia oontorta, Calvet, Exp4d. Sc. du *Travailleur’ et du ^Talisman,’ 
Bryozoaires, vol. viii. (1907) p. 420. 

? GemeUipora arbuscula, Calvet, loc, cit, p. 426, pi. 27. %s. 16-19. 

Adeonella oontorta, Waters, ** A Structure in Adeonella (Zamtnopora) conforto, Mich. 
. . . together with Remarks on Adeonidas,” Ann. Mag. Nat. Hist. ser. 8, vol. ix. (1912) 
p 489, pis. 10 & 11. 

A common character is frequent branching at right angles, often forming 
but very short branches, as figured'(fig. 15) from a colony, collected by Cross- 
laod, from 8t. Vincent, Cape Verde Islands. In some specimens these branches 
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form a semispiral foliaceous growth rotind the main branch. The specimens 
under consideration^ and those seen in various museums, are generally violet 
or red, but the colour is not mentioned by Calvet in Geniellipora 
nor are the frequent and short branches, but, as young and even older 
colonies of A. contorta are known without this branching, I consider that it 
is probably a synonym. It may be well to call attention to the fact that the 
Adoonidse are nearly all darkly coloured, but specimens bleached quite white 
are often seen. There is an interesting specinven of Adeona in the British 
Miiseuin quite white on the one side, though very dark on the other, it 
evidently having been exposed to the light. 

The zoGBcia are raised when quite young, but are depressed when older. 
There is an avicularium on one side, sometimes on both, at about the level of 
the oral aperture. The oral aperture is elongate with a long sinus and 
denticles just above the sinus. The zooecia are small and may be entirely 
filled up by the embryo, which is about 0’25 mm. long, and, so far ns I have 
seen, there is no external indication as to which are gonoecia. 

The older opercula often have a raised tubercle on the front, about the 
middle, and sometimes there is a calcareous layer over the operculum, 
forming what has been incorrectly called a calcareous* operculum—from 
this arises the calcareous tubercle. In many of the Cbeilostomata a 
calcareous layer may be formed over the older opercula, and this has been 
dealt with on page 15. It does not seem right, in any case, to speak of a 
calcareous operculum. 

There are about 13-15 tentacles, and all the Adeonidie examined have 
about this number, namely, A. platalea^ Busk, 13; A, polyitomella^ Reuss, 16 ; 
A. polyvwrpha^ Busk, 15 ; A. lichenoides^ Busk, 14 ; Adeonellopsis distoma^ 
Busk, 14-16 ; A. Croselandi, Waters, 13-^14. 

In my paper on Adeofiella contorta^ on page 493, the characters are given 
of the group dealt with by Busk as Adeonella. 

Loc. Evidently abundant from the Cape Verde Islands, and, as stated in my 
paper referred to, it appears to occur in the Red Sea,* the John Adams 
Bank, Brazil, and ?C,^>e St. Vincentf, Spain; St. Vincent, Cape Verde 
Islands, 5-20 fath., collected by Crossland. 

« Crisia, 

When this paper was almost finished Banner's valuable ^Siboga’ Report 
was published, and as I was not sure how far I agreed with him upon some 

e See page 15. 

t 1 wrote saking Mr. Kirkpatriek there was any possiMlity of the British Museum 
specimen from **Cape St. Vinoent, havli^ .come froqi St Vincent, .Gape Verde Is,, 
and he kindlif replied that it was * ^ttlesnato' aEiaterial, purdiased through a dealer, and 
that 5 &th. kwka like ofthere at Gape Ve^^not St Vlnemit, Spain, and timt there was 
peehdb^y a saliAeatalf^ ^ ' 
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points, this genus again received further examination, confirming most of 
the conclusions previously arrived at 

The ovicells are generally of three forms * :— 

1st Those that are free, with the ooeciostome on the dorsal surface, as 
Crisia Edwardsiana^ d^Orb., C. bidliata, MacG., C. howensis, MacG., C. ker^ 
gtielenm^ Busk, C. inflata^ Waters, C. cuneata^ Maplestone. 

2nd. Those with a pomiform ovicell, as C. aculeata, Hass., C. ebumea^ Hincks 
(pars), C. elongatay Harmer (M. Ed. ?), all of which have an opening with 
more or less of a slit and no pronounced tube; then C. confertay Busk, and 
C. sertularoidesy d’Orb., have a tubular ooeciostome. A funnel occurs in 
C. confertay Busk, which in many other respects corresponds with C. elongatay 
Harmer. 

3rd. There are a number with pyriform ovicells, most of which seem to 
have a tubular ooeciostome, as C. tubulosay Busk^ and C\fi8tulosay Heller, with 
large wide zooecia about 0*1 mm. or more in the aperture. 6\ operculata^y 
Bob., C. pacifeay Rob., C. maximay Rob., C. pugetiy Rob., have also elongate 
pyriform adnate ovicells, but the zo(Bcia are smaller, being about 0*07 mm.; 
then C. ramosay Harmer, C. Uoldsworthiiy Busk, C. eburfieo^denticulatay Smitt, 
C. tenuisy MacG., C. cribrariay Stimp., C. geniculcUUy M. Ed. 

We can only give typical shapes of the ovicells as there is a certain amount 
of variation—for instance, I have ( 7 . dervticulatay from Roscoif, sent to me by 
Joliet, in which there are several long ovicells (Zeppelin form) almost 
tapering at the end (s4»e Busk, Cat. Mar. Poly. pt. iii. pi. 4. figs. 2, 3), whereas 
from the same colonies there is one with a shorter ovicell and flattened distal 
end. A colony of Harmer^s dongata from the ‘ Siboga ’ Expedition show's 
considerable variation of the ovicells, so that they might be called pyriform, 
pomiform, or wider. (’anu J gives the photograph of the fossil Crisia Corbiniy 
(^anu, with a very large and wide ovicell, about double the width of the 
branch, with the end flat. 

Jullien and Calvet§ say that they consider the “formules algebroides” 
introduced by Smitt, and followed by Harmer, with one slight simplification, 
to be valueless, and these have never appealed much to me, for in description 
we must try and give the usual or typical characters, rather than take an 
individual in such a genus. However, there may be cases where such a 
formula may he useful, as, for instance, using it instead of an extra figure 
or in sending particulars to a correspondent. The formula has, however, been 

• ♦ Bry. from Zanzibar/' Proc, Zool. Soc. 1914, p. 840. 

t Some of Robertson’s species are only judged from tbe figures, and this is the case with 
C, tmnuiSy MacG. 

J ^ Bry, des Terrmns Tert. des Environs de Paris,” Ann. de Pal4ont. vol. ii. (1907) p. 104, 

pi, 3di. fig. 6. 

f JuUien et Oalvet, Bry. prov. des Oaihp. de rHircmdelle, p. 109 (1908). 



26 


MB. A. W. WATSBS OM TfiB MABINE 


made mmecessafily puzzling by the use .of the plus (+) sign, where plus is 
not really meant, for the number of zooecia in a branch is first given, then 
where a new branch occurs is indicated, but this is not a ]>lu8, it is not 
additional, unless the subbranching zooecia are first mentioned separately; 
and by putting a comma instead of the + the disconcerting “alg^broide” 
appearance is done away with. We thus give the number of zooecia, say 9, 
and show that the new branch occurs after the second zooecia, and whether 
the branch is on the right or the left by the position of r. There is, of course, 
not the objection to brackets that there is to the plus, but it is more easily 
printed with a colon. A specimen from the Cape Verde Island collection 
reads:— 

9, rj : 9, : 12, jr, X . 

18,^,r, Of'3, jr, r*, X . 

12, jr, of3, X . 

This is a piece near the growing end, w hereas at the base there are a 
number of intemodes without zooecia, or very few, before the typical inter¬ 
nodes are formed. The example formula only deals with three branches, 
while many colonies will have fifty, and for some colonies a large sheet of 
paper is required, though the main features of a hnndretl colonies might 
sometimes be given in a few lines. It should be noticed that the growing 
branch frequently contains a larger number of zooecia than other branches. 
A further complication in the formula occurs in Harmer’s last paper, a branch 
on the right has r and a small figure below, whereas a branch on the left has 
a large figure and a small r above, but, although it occurs throughout, it must 
surely be a printer’s error. 

In giving the measurements of the distance from zooecia to zooecia it, of 
course, must not be supposed that there is no variatimi, but if mature branches 
are taken, though not the lower zooecia on a branch, th«a it will usually be 
found that the variation from the average is but slight. 

CsisiA TVBCLOSA, .Buti. (Plate 3. fig. 1.) 

diiia tuMcua, Busk, Oat. Mar. Folyzoa, pt. iii p. 7, vi. A. figs. 3,4 (1870). 

In the Boa Vista spemmens the zoosOial tubes expand at the end, the 
aperture measures about 0*12 mm., whidi is a trifle‘limaller than the British 
Museum, specimen, and the zooeoial tube is free for a considerable extent. 

mids of the zooecia nre 0’5 ^an. apart, and except in the lower internodes 
there are menu zooecia than .given Biwk, sometimee as many as 16. The 
.bauBolus adhtefrom thesecoud, third, mrfotvih pairs. The ovicells «:e elongate 
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pyrifojjm, to some of which there is a tube without any funnel, but other 
ovicells show no tube. In the British Museum specimens there is a slight 
funnel. The aperture of the ovicell tube is about 0*08 inni. There is usually 
a branch on each side near the base of the ovicell. The bases rami are long— 
that is, they reach to the next zooecium below. 

This is much like C.pacj/ira*, Robertson; but from Dr. Alice Robertson’s 
figure the distance from zocpcium to zooecium is only about 0*33 mm., so that 
it is a more slender species than tubulosa^ Busk. ( \ pacijiva^ Rob., (/. niaudmuy 
Bob., r. pitgeii^ Rob., all seem closely allied. 

Loc, Cape Verde Islands {Busk ); and Boa Vista, Cape Verde Islands, 
collected by Crossland. 

Ckisia denticulata (Lamarck), i/.JEiiu’.,var.VERDBNSis,nov. (Text-tig. 2.) 

There are several colonies from the f'ape Verde Islands which are about 
12 mm. long, forming close tufts much less straggly than is usually the case 


Fig. 2. 



in Crisia denticnlata^ as the branches very soon have the mature form, and 
this may be the case after one short internode, whereas frequently in 

e '^CydostomatottS Bryosoaof the West Coast of N. America,'’ Uuiv. of California, Pub. 
ZooL vol. vi. (1910) p. 242, pi. 20. figs. 16,17. 
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C. dentiedata there are a series of short internodes before gradually becoming 
normal—however, this may be only a character of Icpal importance. There 
are generally 7-9 zooecin in an interned^, the branches nsnally commence 
after the first or second zocecinm on that side, being alternate where there is 
no ovicell, with one branch to each intemode, followed in the next intemode 
by one on the other side. In the internodes with an ovicell there is usually 
a branch after the first zocecinm or near it, and a few zocecia further up is 
the ovicell, as well as a new branch on one or both sides near to it, corre¬ 
sponding with the branching and ovicell described by Harmer in his 
C. elongata*. The ovicell, though not as short as in Harmer’s figured 
specimen, is short and pomiform, but does not spread out at the distal end 
as much. It has a slit or oval opening in the distal end of the ovicell as 
described by Harmer for both elongata and denticuUUa, 

The branches are fairly straight, with sometimes a slight sigmoid curve as 
may also be found in C. dmtieulata. The zocecial aperture is about 0'06 min., 
the distance from zooeciuui to zooBcium is about 0*26 mm., the joints are 
black. The denticle on the outer side of the zooecium is a most inconstant 
chai-acter in this and other species, for some internodes may have it strongly 
marked, while it is quite absent in others. 

' It would seem that round derUiculata f we have a group including probably 
C. acropora. Busk, C. sincUUrendt, Busk, C. elongata, M. Edw., C. elongata, 
Harmer, C. Waters. Whether we consider them as species or varieties 

I cannot think that the form I figured as C. elongata t, believing it to he the 
form described by Milne Edwards, is less entitled to a distinct position than 
the others. Its internodes are remarkably straight, whereas Harmer describes 
his as usually with a sigmoid curve. I suppose that about 100 internodes of 
the form figured were examined, all straight and long with numerous zooocia, 
and only one brunch growing near the uistal end. The base of the branches, 
both main and lateral, of the Zanzibar elongata is very broad, about 0*13 mm., 
but as this is not much broader than in C. denttcuUUa much importance 
cannot be attached to it. In my paper ‘‘ On some Species of Cnsta,” § I 
have reterred in more detail to Harmer’s C. elongata, and indicated that two 

* Pofyzoa of the 'Siboga' Expedition,” Ent*, Ctenost & Cydos. p. 96 (1816;. 

t The epedmen of C, dentieulata in the 'Challrager’ collection from St. Paal’s Bock, 
Ohall. Bep. Polyeoe, Pt. II., p. 4, pi. 2.6g. 8, has ehort ovicella without any tubular ooadoetome, 
^ lower joints are Uack, and it is somewhat like Haaner’s 6*. etmiffaia. The specimen firom 
llaoeleafidd Itiand, Tristan Ba Ounba, has the joints light, the ba^ rami is not wedged in, 
and it doas |iot aeem to be dentieidota. The tqtedmen frmn ‘€ape York has fitiriy stiaigbt 
intemodes with the tomebes placed high, and Is sd unlilm my C. dengata. 

X " &y. fr»m ZamdiMur,” Proc. Zo^. Soc. 1914, pi. 1. 3,4 (1918), and see Ann. Meg. 

Bat. Hist. aer. 9, vbL xdfi. (1916) p. 474. 

$ Ann. Mag. NsA Hist. ser. 9; vd. xviiL (1918) p. 474. 
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queried specimens may have influenced him to make a comparison with my 
elmiffuta. 

The variety verdmm has comparatively short regular internodes, few 
branches in the internodes where there is no ovicell, black joints, base of 
branch about 0*08 mm., most of the bases rami are wedged in, while others 
are longer ; though, as some of these characters may not be very important, 
verdenm and elongata may be moderately closely allied. On the other hand, 
the Cape Verde Islands s()ecimens of rerdensis are much like C. sinclairensisy 
Busk. At any rate, i^erdensu has not the long straight internodes with one 
branch to each, a<5 in what Busk and I have considered to be elorKjata^ M. Bdw. 

Loc, Boa Vista, Cape Verde Islands, 5-20 fath., collected by Crossland. 

Crisia siOMOtDEA, Waters. 

Crisia sigmoidea^ Waters, Ann. Mag. Nat. Hist. ser. 8, vol. xviii. (1916) p. 476, pi. 16. 
figs. 9, 10. 

Crisia dentieulata^ Waters, Bry. of the Bay of Naples,” Ann. Mag. Nat. Hist. ser. 5, 
vol. iii. (1879) p. 269, pi. 23. fig. 2. 

There is one piece, from the Crossland Cape Verde collection, which I think 
i.s this specie.^. The zoarium is broad, with the ends of the zomcia free 
projecting upwards, the ends of the zocBcia are about 0*28 mm. apart, and 
the zooBcial aporturos are about 0'06-0*07 mm. wide. The joints ai*e light, 
and the base of a branch is about 0*1 mm. wide, occurring after the second 
or third zomcium on that side, with another branch on the other side a few 
zocecia further up. Unfortunately there is no ovicell, and the C. sigmoidea and 
C. cotiferla. Busk, are very similar, so that without an ovicell determination is 
difficult, hut the ty])e-specimen of C. con/erta is slightly wider than C. sig^ 
moidea and at the same time the basis rami is wider, being about 0*13 mm. 
in conferta. The ovicells of the Mediterranean sigmoidea do not show any 
tubular oa^ciostome, whereas the funnel-shaped omciostome is very marked 
in conferta. 

Tliis differs from C. denticulata and the C. elongata. Harmer, in having 
light joints, but the position of the branches is very similar to Harmer’s 
eloiigata. 

Loc. Naples, Rapallo, Villefranche-sur-Mer, Oran (Algiers). Cape Verde 
Islands, collected by Oossland. 

Crisia vincrntbnsis, sp. nov. (Plate 3. figs. 2, 3.) 

This is a form which has been difficult to place, for although there are 
several small specimens an ovicell was only found in one case, and of such an 
unusual form as to raise the question as to whether it is abnormal. It is 
broad throughout^ as though two zooacia might have been forming ovicells 
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which became agglomerated. At first it was thought to be C. ehwmm^ and 
probably the variety iaara. Busk. 

The lower branches usually start from below the aperture of the first 
zooecium—^that is, from the side of the first zooecium,—while in older parts the 
new branch arises above the aperture of the first zooecium. In C. ebumea, 
Hinoks, there is some irregularity as to the branches starting from the first or 
second zocecinm, though it is most frequently from the first. 

In C, vinemtentii there are usually 7 zooecia in an iniernode, the zocecial 
aperture is 0’05-0’06 mm., the oceciopore is 0*03 mm. without any funnel; 
the branches are about 0*12 mm. wide, the distance from zocecinm to zocecium 
is about 0*26 mm., the base of a new brunch is about 0*07 mm., and the joints 
are light. The basis rami differs from that of C. ehumea in being longer, 
sometimes reaching to the next zooecium, or it may stop a little short of 
this, whereas generally the basis rami in is short with what T should 

call the graft character. A ‘Challenger’ specimen of C. ehumea, var. lata, in 
the British Museum from the Busk collection has a large, long, adnate ovioell 
much raised at the distal end with the ooeciostome contracted, so that it is 
much wider than deep as in the C. eburneo*derUieulata figured by me * from 
West Greenland, and on this account the present form is not placed under laxa. 

Harmer 'vrith a query, places C. ebumea, var. laxa, as a synonym of 
C. kerguelenm, Busk, but the specimen alluded to in the British Museum, 
with the attached ovicell, proves that it is not the C. kergxulensU, which 
Harmer figures with a free ovicell, having a tabular ooeciostome on the dorsal 
surface. 

A new name is given with considerable hesitation to the present Cape 
Verde specimens. 

C. vineentemis has^abont 12 pores in each square 0*1 mm., C. ebumea and 
C. fietulosa have fewer, C. ramota about 

ToBULiroRA ptTiAiHBA, MacG^lUvroy, var. nov. (Plate 8. figs. 8, 9.) 

Tubui^pora pukhra, MacO., “Uescr. of new or little^aowB Polyzoa,” pt. vii. Trans. & 
Froc. R. Soc. Viet vol. xxi. (1886) p. 96, pi. 2. fig. 1; Robertson, “Cveloet Brj.,” Univ. 
of California, Pub. Zool. vol. vi. (1^0) p 260, pi 28. figs. 82-36. 

TvbuUpera fimbria, var. prikkra, Waters, Ann. Mag. Nat Hist. ser. 6,to1. xz. (1887 
p. 268, pi. 7. figs. 1-8. 

The Cape Verde Islands specimens have the zooeeial tube much larger 
(0*14 mm.).than those from Port Jackstm^ Australia {0*7 mm.), and it may 
^ neoossary to consider them as a 'rariety. Af^rently the specimens 
examined by l>r. Alice Robertson are coarser tban those from Australia, but 
not so hurge as the present form.^ 

V 

. * Ana, Mug. Nat SSst Ssv. 8, vet xviH (1218) 18. %t, 4,6. 

t “Poiyaoaof the *S3iogt *Jg!xp«did<m,’’.£!Bt,Oteiuwt. ftOjrnleatp. 186 (1916). 
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In the colonies from the Cape Verde Islands the young branches are 
narrow with only a few zocecia and frequently anastomose, though ultimately 
forming a wide spreading growth. They have evidently grown on a 
calcareous seaweed. 7\ organizans^ d^Orb., sent to me by Jullien from Cape 
Horn, has similar attachments, and Hariner mentions them in plumom^ 
W. Thoriip. It is possible that the species under consideration should be 
called T, organizans^ d^Orb. 

Loc. Victoria {MacGillivray)^ Port Jackson {Waters) ; Southern California, 
San Diego shore, 11-32 fath. (Hohertson) ; St. Viiieont Harbour, Cape Verde 
Islands, 10 fath., collected by Crossland. 

Tubulipora Lamourouxii (Andouin tS- Savigny)^ Waters. (Plate 3. figs. 4, 
5, 6, 10, 11.) 

Prohoscina Lamourouxii, And., ‘^Bescrip. de PEgypte,” Hist. Nat. p. 230, pi. 6. fig, 6 
(1826). 

This occurs as a narrow band, with very long zooeeia on each side, showing 
a certain amount of regularity as in Idmonea, or it may spread in opposite 
directions with two oval subcolonies (figs. 4a & 10a), or even spread out in a 
flabelliform manner, and in one of these the ovicell has a distinct purple 
colour in the dry state, so that at first it was taken for 7’. liliacea (Pall.), 
Hurmer. 

The zooBcia are very exceptionally small, ha\ing the aperture about 0*5 mm., 
and the projecting portion of the zooecial tubes show no pores. The ovicell 
is central, forming a raised inflation with a simple ooeciostome tube, about 
0*03 mm. The dorsal surface is very characteristic, having raised ridges 
curved fr<»m the median line, and along these ridgc.s there is a row of small 
pores for the attachment (fig. 5). 

No 2 tdjulipora'has been described with so small an oa?ciostome tube, and 
in nil the cases referred to by Harmer, with the exception of flahellaris^ 
Fabr., the ooeciopore is larger than the zooecial orifice, whereas here it is 
smaller. Harmer * says the ooeciostome in 1\ liliacea is larger than the 
orifice of a zooeciuin, mentioning T. phalangea^ Couch, as about the same size, 
in r. a'perta, Hariner, as larger than the zooecial orifice, in T. phimosa, W. 
Thoinp.,as also larger, w^hile in T.fidbellaris it is somewhat less than the diameter 
of the zooecial orifice. Dr. A. Robertson t says that the ooeciostome in 
2\ occidentalii is smaller than the aperture of a zooecium. 

I met with a few cases of some very delicate tubes, three or four starting 
from near the same centre, and these were taken at first for an unknown 
form (PK3, fig. 7 juv.), but some young forms of T. Lamourouani, with 
primary, convinced me that young forms with long erect tubes give much 

^ Uie Development of TiUttUipora*' Quart. Jonra. Micr. Sc. vol. xli. n. s. p. 91. 
t ‘‘PycL Bry. of the West Coast of N.. America,” Univ. of California, Pub, Zool, vol vi, 
(1910) p. 249, ^ 22. fi^. 29-81. 
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this appearance. Looking down on the tubes they are so much foreshortened 
that it is impossible to give satisfactory figures, and this remark applies 
also to the ooeciostomes of fig. 4. 

The discovery of this species, jdaced by Audouin in his genua Praboscina^ 
a name adopted for a genus by d’Orbigny and others, is most important, for 
some authors, especially paleontologists, have considered that in the 
Stomatoporidse, should be used for uniserial adnate forms, while 

Prohoscina would include niultiserial adnate forms. Undoubtedly the name 
Prohoscina will have to be entirely dropped, and, while I think that 
Stomatopora will have to include many forms which are more or less multi-* 
serial, and that some things described as Prohoscina will fall into Tvhuliporaj 
I am not prepared to state that all will find their places in these two genera ; 
however, if a generic division is required for many now known as Prohoscina 
there is the genus Criserpia * of H. Milne Edwards in which these can find a 
home t- Milne Edwards proposed to place all the known Cyclostomata in 
the ‘‘family” Tubuliporidae, but we now see that many families as now 
understood were included, though until we understand more about the most 
important genus Stomatopora both as to its primary attachment and ovicells 
we cannot speak with any certainty concerning the group in question. 

Miss Jelly and others have considered that Savigny’s figures of Probosdna 
Boryi and P. Lamourouaii represented the same species, but in this I cannot 
agree, for in the figures the difierence in size of the zooecia is very marked. 

Loc. Savigny’s specimens were probably from the Red Sea or Mediter¬ 
ranean ; St, Vincent Harbour, Cape Verde Islands, 10 fath,, collected by 
Crossland. 

Tubulipoba iNCRASSATA (Smitt\ Waters. (Plate 3. fig. 7.) 

JProboscina inemssata^ Smitt, Fort, tifvof Skand. Hefs-Bry.” Ofv. Kongl. Veteusk.- 

Ak. Fork. 1866, pp. 402,458, pi. 6. 

TubuHpora tnct^aaaata, Waters, of the Bay of Naples,’-Ann. Msg. Nat. Hist, ser. 6, 

voL iii. (1879) p. 272, 

P Frehosema Buryi, Aud., Descrip, de TEgypte, Hist. Nat. p. 286, pi. 6. %. 4 (1826). 


* ** Mdmoire sur las Crisies,*’ Ac., Ann. Sci. Nat. 2rae sdr., Zool. ix. (1888) pp. 198- 286. The 
importance of this paper has not always been fully appreciated, for here the Oyclostomata 
were divided from the Cheilostomata, though under other names, and since then theye h«a 
been much elaboratimi. Audouin and Milne Edwards,^ in 1828, separated the Bryoaoa aa 
‘^family** 4, meaning by ihis what we should now call a class. Although several zoologists 
had, for many years, realized that a separation of .zoophytes sbpold be made, they were the 
first to make it. To have shown not only that Ihere was this class, but also to have realized 
the large divisions of Oheilostomata sndCyidostomata shows what good pioneer work Milne 
Edwards gave us. 

Audottis et Milne Edwards, ‘‘E^md des reeherches sur les animaux sans vertdbies 
anz fks Chansey,” Ann. Sd. Nat roL xv. (1828) p. l&j 

f, Ann. Sew Kai voL xv. (1828) p. 41, 
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There are some specimens of Tuhulipora growing irregularly in a band¬ 
like form, with large zooecia, the zomcial aperture being about 0*14 inm*, 
whereas in T. Lamouronxii the aperture is only about 0*05 mm. A young 
specimen of T. Lamourouxii (PL 3* fig. 7, juv.), growing on the present 
species shows the great difference in size. There are in the interior of 
the zooecia a few pin-head spines, and in one zooeciuin, not very far down, 
there is a row of short teeth. In a specimen from Naples there is an anterior 
ovicell spreading among several zooecia, with a short Jubular ooeciostome, 
about the same diamete^r as a zomctum, without any funnel. 

I do not consider %t the Stoniatopora incrassata^ Hincks, is the 
Tuhulipora (Prohoscina) incrassata, Smitt, nor am I sure that the form 
described by Smitt in 1871^ is the same species as he originally described. 
Without a considerable amount of material it is difficult to decide whether to 
provisionally retain SmitPs name or to give a new one, as it is evident that 
there has been some confusion. D’Orbigny first gave the name without 
figures, and the description is insuffieient. 

There is a certain amount of resemblance to FilUparsa tubulosa^ Busk, from 
Naples, which, however, grows free or only very slightly attached, and has 
an oceciostonie with one axis, usually the transverse, much the longer, with an 
irregular funnel as in T, aperta, Hariner. The zoarium spreads out slightly 
towards the distal end without being fiabelliform, and although the zoarium 
does not expand as much as in Harmer’s specimens, it would seem to be the 
same as aperta. Harmer, in his ‘ Siboga^ Report, p. 143, says that T. aperta 
may possibly be the Ilomera iuhxdosa^ Busk. 

Loe. Naples. St. Vincent Harbour, Oape Verde Islands, on clinkers, 
collected by Crossland. 

ti 

Liohenopora irregularis (Johnson)^ Norman. (PI. 4. figs. 2, 3, 5, 6, 7,8.) 

Radiopora irrepulat'iSf J. Yate Johnson, ‘‘Cyclost. Bry. from Madeira,” Ann. Mag. Nat. 
Hist. ser. 6, vol. xx. (1897) p. 63. 

Liohenopora vregularu, Norman, Poly, of Madeira and neigh. Islauda,” Journ. Linn. 
Soc., ZooL vol. XXX. (1909) p. 282. 

There are several zoaria growing on a large stone, brought up by a diver 
from off St. Vincent, ('Upe Verde Islands, and a small piece on a clinker 
from St. Vincent Harbour. 

The very thin lamella is closely attached to the stone, and is more or less 
circular, quite independent of the outline of the subcolonies ; the central sub¬ 
colony is circular or oval, while the outer ones are lobulate or often form 

subtriangular lobes ” with uuiserial zocecia, and in these nniserial forms 
oyioells have been found. There are also various similar colonies, which 
from their general appearance seem as if they should be united, but they 
have hi^multiserial rays throughout the colony (PL 4. fig. 1) with subcolonies 

a Ufre». KongL Vetensk.-Ak. Fork. 1871, p. 1119. 

WNN, J0U»N.~S5OOL0aY, VOLt XXXIV, 
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somewhat larger than those of the uniserial forms (figs. 2, 8), and this 
hi-multiserial form is provisionally called var. composita. 

Returning to the uniserial forms it is in these that the ovioells have been 
found, and the zoarial growth is similar to that of Radiopora Francqmna^ 
d’Orb.* 

The central depressed region of each suboolony has large poros (about 
0*07 mm.) about the size of those of the zooacia, whereas the pores between 
the rays are usually smaller. The inner zooecia of a ray are the most raised, 
whereas in yar. composita there is yery little difference—^in fact, most seem cut 
off nearly straight, without being apparently worn ; in this uniserial form 
the zooecia are well raised, and especially near the edge of the colony the 
spinous processes are more pronounced than in the variety. In the British 
Museum specimen from Madeira in the Norman collection, most of the 
zooecia show a blunt spinous process at the outer border and occasionally on 
both the inner and outer, also the internal pin-head spines in the cancelli are 
very small and rather rare. In one colony, from Cape Verde Islands, there are 
two ovicells, which are very narrow and interdigitate in narrow bands 
between the rays (figs. 2, 6). The surface of the ovicell has numerous fine 
perforations. Another colony has a very deep pit in the centre of several of 
the subcolonies (fig. 5), hut, on carefully focussing to the base of one pit, the 
narrow bands of a siniilar ovicell are seen, so that we are looking upon the 
upper part of an ovicell now at the bottom of this pit, and a zoarial growth 
must have taken place subsequent to the formation of the ovicell, but whether 
it indicates n regular second layer it is impossible to say. In one zourium, 
in the centre of a subcolony, the base is found of an ovicell in formation, 
which is smooth and imperforate, proving that in the case previously 
mentioned wo were not looking on the base of an ovicell at the bottom of the 
pit. In the section of another Liplienopora I have seen an ovicell in two 
stories—that is, one ovicell above another. 

Banner t describes and figures a similar ovicell in what bo calls 
Lichenopora ttovfe^zelandice, Busk, but it is Onfortuuate that he should have 
taken the name novve^zelandtos apparently because it was published a page 
sooner than L. Holdsworthii^ Busk, for this latter is well described from 
characteristic specimens found in Ceylon. On the other haml, the description 
and figure of novct’-zelandice were not very satisfactory, and among the 
specimens which Busk so named in his collection there seem to be more than 
one species. I have some specimens which have always seemed to me to be 
this species, and one from New Zealand was sent to me so determined, also 
the British Museum specimens have been looked through more than once, 

♦ Pal. Frau^. pi. 782. figs. S-8. 

t Tn one case the ovicell only throwa out arms on one side of the suboolony. There are 
some deep pits as deserihed in i^e Cape Verde Islands specunens. 

X Polyzoa of the« Hihoga ' Eitpedition, pt. i. p. pb 19. ffg. 11 (1916). 
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nvithout fiuding reason for change of opinion. Apparently Busk did not 
figure the specimen he was describing—in fact, the figure is from a badly 
preserved speciinen; whereas he had in his collection specimens, so named, of 
what I have identified as L. novce-zelandixe. It is a small form in which the 
zooecial tubes of the much raised inner zooecia of the rays meet or nearly 
meet in the centre, forming when there is no ovicell a very depressed inverted 
cone. These have a raised flat ovicell over the centre with most minute 
perforations and a bordering ridge; besides the cancelli are frequently 
formed with bars across, as in L. radiata^ Hincks, and, although there are some 
“ pin-head ’’ spines in the cancelli and zooecia, they are not very frequent, 
whereas in L» Holdsworthii the round cancelli are very regular, with very 
numerous large pin-head spines. In my specimen? of L. Holdsworthii, in 
two cases, there are hollow grooves in the interradial spaces, and in other 
places on the central wall, which seem to relate to the formation of an ovicell 
such as that figured by Harmer {loc. cit, fig. 11). 

I have a large number of Lichenopora* with ovicells, and, when writing my 
short paper t on them, much time was spent in comparing the Natural 
History Museum types and specimens. Since then I have had some additions 
to my collection, and the Museum has received several valuable collections, 
such as Busk’s and Hincks^s, but on the whole it seems that what I then said 
is supported. My paper was written at a time when hardly anyone took 
any notice of the ovioells, in fact they were generally ignored ; but certain 
types of ovicells were indicated, and whether the identifications will 
ultimately stand was a matter of secondary importance, though I am unaware 
of any reasons for changing the names then used. I showed that there 
was the flat type of ovicell as in L. novce-zelandice, the raised, rounded, 
dome-shaped type with trabecula) over the wall as in L. echinata, McG., 
and />. victoriensis, Waters, and, lastly, the ovicell spreading up to the rays 
as in L. califomica (Busk) Waters. I stated that this should be considered as 
the species of Busk, as there was some doubt as to d’Orbigny^s description, 
and Harmer, in calling attention to the biserial rays of Busk not being 
indicated by d’Orbigny, does not seem to have remembered what I had 
already said. However, the question of uncertainty through Busk’s species 
l)eing bi- to multiserial has no importance now, as 1 have a speciinen from 
Western Port, Victoria, with uniserial rays and an ovicell as figured t by 
me, and another from the same locality with biserial rays and a sitn^ar 
ovicell. The question of uni- and biserial rays has not only broken down 

* " Bfy. New South Wales, etc.,” Aim. Mag. Nat. Hist ser. 6, vol. xx. (1887) pi. 7, 
fig. 8. 

t the Ovicells of some Zdehmopora,** Joum. Lum. Soc., Zool. vol. xx. (3888) 

pp. 280-886. 

t " Bry. New South Wales, etc.,’’ L c. p. 801, pi. 7. fig. 8. 
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as a generio character, but also in several cases as a specific one. All the 
same the lAchenoporce have yet to be brought into order, and to do this 
we require more spirit-specimens ; but to place as synonyms what I con¬ 
sidered as L. novcB-zelandiw^ Busk, L. Holdsworthii^ Busk, and L. metorieniiif 
Waters, does indeed seem retrograde. Harmer^s ' Siboga ’ specimens most 
be called L. Holdsworthii, Busk 

Since I wrote on the ovicells, among others, two specimens from 
Ceylon, named by Busk X. IJoldsworthii^ have been added to the National 
Collection^ The central part is somewhat depressed with an ovicellular 
wall covering it, and the rays extend into the ovicell; by the side of 
this there is an ooeciostome tube, and on one of the specimens at a higher 
level there is an ovicell spreading in and out between the rays. 

These Cape Verde specimens of X. irregularis are not, as Norman supposed, 
what I called Radiopcra pustulosa t 9 d^Orb., from ^ch subcolony of 

which has some multiserial and some uniserial rays, and the subcolonies are 
much larger than those of the Cape Verde Island forms. The specimens^ 
alluded to, from Naples, are not closely attached, nor were Peaches X. mearu 
drina. Although unable to see any material difference between the recent 
and fossil i2. pustulosa^ there is some uncerbiinty in identifying a fossil about 
which wo know little, and therefore it would have been a safer course to have 
named the recent one X. neapolitana, as it does not seem to be the same as 
X. hispida^ Flem. The specimens of X. meandrina^ Peach, in the Nat. Hist. 
Museum from Busk’s and Hincks’s collections, have much smaller subcolonies 
than what I called pustulosa, d’Orb., and the zooacia are 0-07-0’08 mm., while 
the cancelli are about 0*06 mm.—^that is, smaller than in pustulosa, where 
they are about 0*1 mm., with the zooecia about 0*09 mm. 

In the Museum specimen of meandrina ” the subcolonies are often very 
elongate, instead of circular, and there are more definite serial ridges than 
in the solitary X. hispida, Flem., and we may certainly doubt the advisability 
of considering the composite form a variety of hUpida. Peach’s figure and 
description of X. meandrina correspond more with the Mediterranean 
puetulosa than do the Museum specimens, which are not from Peach’s 
collection. However, I think we have as separate species X. irregularis, 
Johns., X. puetuloea, d^Orb. (Waters), and X. meandrina. Peach. The ovicells 
are unknown in the last two species. Other composite species are X. priHisX, 
.MacG., X. magnijiea, MacG., X. bulUUa, MacG., and several fossil ones are 
knownasX. (Madiopara) farmosa^, d’Orb.,X. {Jtadi^ora)Francguanalli, d’Orb., 

e There is, however, a email specimen from hetweea Nusa Besi end N.E. point of Ihsor 
(St 262} with long erect Inserial which way almost be said to be smaH buudlee of tays, 
and oestrel sooeoia are very Imegolar* Hus I eanaot consider to he the same sfwAes as 
the other so-called tmm-siekmdia, 

t Pal. fl. 649. figs. iHt. t Tians. Boy. Soc. Viet, vel, acx. (tS68) u. 12A 

PaL Frask^. pt 71^. figs. 1,2. Q ]hit F^!an9.|4*7S2. fig8.8^^ 
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L. (JRadioporai) multistellata d’Orb., L. conjuncta f, Mich., L* cumulata 
Mich., L, {Multituhigera) micropora Heuss, L. {Multitiibigera) gregariaW^ 

d’Orb,, L, suedca IT, Hennig. 

The early stage of Licheyiopora is fiabelliform and is like that of Tubuliptyra 
(say,j^a&^Uar/5,Fabr.),but it soon completes the circle and then the fiabelliform 
growth can only be seen by examining the under side. Now clearly in a 
colony of L, irregularis, L. meaniirimi,va\A L.pristis there is only one primary, 
and the new subcolonies may be said to bud out from the older ones (see 
figs. 1, 2, 3, 4, 5), and this requires further study with sections. It does not 
seem strictly correct to speak of these as confluent, as is usually done. There 
are also many cases of Lichenopora where the two colonial disks partially 
coalesce : for instance, I liavc specimens of L. vei^caria where the touching 
lamina of two disks form one growth, as well as some of the adjacent 
zoQScia uniting. In Lichenopora boletiformis**, d’Orb., we find the same thing, 
and also one colony growing on the top of another, which also occurs in 
many other cases—as, for example, Discosparsa marginata, d’Orb. Lichenopora 
with multiscrial rays was separated from Discocavea with uuiserial rays, but 
most recent workers have recognized that the difference of the rays cannot 
be rehiined as a generic character, though usually useful specifically, while 
some both of the confluent and simple species show that even specifically the 
character may not always be of value. The type is Lichenopora turbinata ff, 
Defrance, also photographed by Canu which, although with but a small 
attachment, has been considered by Pergens and Canu to belong to Lichenopora 
as now generally understood. As described by d'Orbigny and by Cann 
L. turbinata has cancelli. Lichenopora is not the only genus which forms 
round disks, and there are a number with the zooecia radiating in bundles 
without pores between the rays. Many of these have been called JJefranda, 
others Actinopora, Apsendesia, Felagia, &c. These Grregory §§ would place 
partly in Lichenopora (having removed what has so long been considered 
Lichenopora to Uiscocavea) and partly under Apsendesia, considering that 
Pelagia clgpeata, Lamx., was the same species as Apsendesia cristata, Lamx., 

• Pal. Fran^. pi. 649. figs. 6-7. 

t Michelin, Icon. Zooph. p. 277, pi. 66. %. 16 (1840-7). 

X Loc^ cU. p. 319, pi. 77. %. 1. 

$ Heuss, Anth. & Bry. von Orosaro/* Denk. Ak. Wien, voh xxix. (1869) p. 259, pi. 36. 
fig. 16. 

H Loe. cit. pi. 762. figs. 9,10. 

f «Bry. Sver. Kritsystem,” Lunds Univ. Arsskrift, vol. xxx. (1894) p. 36, pi. 2. 
figs. 88-86. 

•• Waters, ^^Oyclost. Bry. from Australia,’’ Q, Joum. Geol. Soc. vol. xl. (1884) p. 696, 
pi. 31. figs. 20,21. 

tt I^let. Sc. Nat. vol. zxvi. p. 267,- pL 4. figs. 4,6 (1823). 

XX Bry. des tenr. Tertiaires,^ p. 138, pi. 17. figs. 13-15, in Ann. de Paldont. (1907). 

$4 Oretaceeus Bty.,” Gat Fossil Bry. in Brit. Mas. p. 247 (1909). 
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but from Lamouronx’s figure of cristata nothing can be made out; however, 
Michelin, Haiiiie, and Gregory have given figures of what they believed was 
the Apsendesia cristata. Haime thought that the two genera must be united, 
while Gregory*^ considers that they should be united as one species, but since 
Pelagia clypeata^ LaniK«, occurs, from various localities, as a complete and 
mature species I cannot at present accept this view. Perhaps it would be 
most reasonable to retain Defrancia^ but time will show, and in this group, 
ill all cases with which I am acquainted, tlie ovicell is near the border of the 
zoarinm. 

In a specimen of Actinopora regulans^^^ d’Orb., which I collected from 
St. Croix, Switzerland, the locality from which d^Orbigny described it, there 
is fortunately an ovicell extending from one ray to the next and not very 
large. The ovicell was not previously known, and my specimen is as good 
as a co-type, and shows that it is not Liclienopora but Defrancia^ if this name 
is retained. 

For a long time, while progress was being made with the classification of 
the Oheilostomata, that of the Oyclostomata seemed most hopeless, but now 
that more is being learnt about the ovicells and other characters, there is 
every reason to hope that the collection and study of more species will make 
the classification more natural. 

Harmer in his ^ Siboga’ ileport, received after the above descriptions were 
written, considers that Liclienopora should be used for what we have so long 
understood by this name, and Pergens, Oanu, and others have expressed the 
same opinion. 

Loc. Madeira (Jo/mson, j\o»*maw) ; St. Vincent, Cape Verde Islands, 
collected by Crossland per diver. 

LiCHSKOi'ORA iRRBtiULARis, var. coHrOsiTA, var. nov. (PI. 4.'iigs. 1,4.) 

This is the bi«multiserial form mentioned as occurring on the same stone as 
L. irregularis^ Johnson, and about which I have been in doubt as to whether 
the two forms should be united as one species* The subcolonies are some¬ 
what larger than those of the uniserial form, and the zooecia, usually 
vrithout any spines, are less raised, but otherwise they seem similar. 

Flustrblla hispida {Fahricius), Gray. 

For sjnoajins tee Miss Jelly’s Catalogue, aud add:— 

Fiustrella hispida, ProuHo, Becherches sur la iarve do la Flustrella hispidaf^' Arch, do 
Zool. £xp4r. et G^ner. 2&d ser. vol. viiL (1690); Bobaxtson,* ^Bryosoa,^’ Ilarriman Alaska 
Bxpsd., Proc.' Wash. Ac. Sc. vol. ii. (1900) p. R31 ; Norc^fsard, Hydr. and Bid. Invest in 
Norwegian Fiords, p. 173 (1905). 

Only a very small piece wiM^'iound^ but it was enough for certain deter- 
ndnatloD. Thin is widely distributed in northern seas, and is common on the 

* ** Juraasie Oat. Fosiul Biy. in Brit Mua p« 17"! (1693). 
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British and North French coasts ; and Dr. Alice Robertson reports it from 
California^ but it has not been tnentioned from the Atlantic or from the 
Mediterranean, llincks describes a form from Victoria as var. cylindrical 
but judgin^^ from my specimens from Port Phillip I should certainly not 
call it a variety of F. hisjnda, for it has spines regularly all round the 
zooecium, which is not the case in the northern form, which also is a larger 
and more solid form. 

Flustrella hispida has 23-27 tentacles. 

Huriner * considers that the genus Flustrella should be retained. 

Loc, Northern Seas; California ; Boa Vista, Cape Verde Islands^ 5-20 
fath., collected by Crossland. 

Amathia TORTUOSA, Tenison Woods (non Busk), 

For Bynouyms^ see Waters, “ Mar. Biol, ol* tlje Sudanese Red Sea, Bryozoa/’ pt. ii. p .243, 
pi. 24. fig. 6 (1910). 

Dr. Harmer t has doubted the determination of this species from the 
Sudan, perhaps partly through my figures being merely outlines. I gave 
three very small figures of forms believed to be three species, so that a 
comparison could be made of the size and position, but merely to show 
these characters in question. 

In Amathia the lower parts of the zooecia are usually connate, whereas the 
upper part may be more or less free, varying in appearance according to the 
condition of the speoirnon ainl of the mount. My figure 5 of A. tortuosa 
(also figunnl byMaoGillivray) is depicted looking down on the top of the zooecia 
when the upper part is seen separated, giving naturally a short appearance, 
but if was advisable to show it in this position. The length of the zomcia 
from Cape Verde Island are about 0’4 mm., with the lower half of the 
zooecia connate and the upper free. With regard to my figure of A. distans,, 
Busk, the scale was too small for it to be possible to show the ends in detail, 
but it will be seen that in two or three cases projecting zooecia are shown, 
and this was more distinct in the original drawings, for though taken from 
actual specimens the size prevented their being more than diagrammatic in 
most respects ; the length of the zoot^cia is relatively the same as figured by 
T. Woods]:, and surely if he had been speaking of the length of the zooecia 
he would have said the length of the cells and not of “ the pair of cells,” 
and he meant the length of the grou}) of the pair of cells. This unfortu¬ 
nate sentence of T. Woods has misled several authors, but the figure does 
not show long cells. My determination of the Sudan and Zanzibar 

• Polyzoa of the • Siboga ’ Expedition, p. 40 (1916). 

t Polyzoa of the * Siboga ’ Expe^tion, Ent, Ctenos. & Oyclos. p. 68 (1916). 

J •‘On the Genua Trans. Proc. Roy. Soc. Victoria, vol. xvi. (1879) p. 90, 

fig. 6. 
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AmatKim was made after prolonged comparison of the British Museum and 
^Challenger’ specimensi .and I cannot think there is anything material to 
alter in what I then wrote. 

Tn the Cape Verde Island specimens there are usually 14 pairs of zooecia. 
The zoariuin grows from a seaweed| and the free stolon when passing over 
the narrow branch of any part of the seaweed becomes attached across it, 
again growing free beyond it. Where the stolon is thus attached the 
zocBcia are arranged horizontally on each side of it, thus forming two lateral 
series without any sign of the spiral arrangement. From the front of the 
attached stolon, and in tlie middle of the group of zooecia, one or two fresh 
erect branches arise, a mode of growth and branching quite unknown in 
Aimthiaj niising rather large questions 

On the same seaweed were entangled pieces of Amathia Vidovici^ Heller, 
but on careful se[)aration the colonies were found to be quite distinct. 
The seaweed having been some time in spirit has entirely lost any colour 
it may have had, and resembles a figure I have before me of Polyidet 
rotandus^ Grev., which may by now be known by another name. 

I followed MacGilHvray in considering that A* cmines^a^ Busk, was a 
synonym, although stouter; of this I am now doubtful, and in the detennina* 
tion of some of these spiral forms we are on rather uncertain ground. A 
S[iecimen in the British Museum determined as A. coniieM by Busk I found 
had the stem only 0*2 mm. diameter, which is much below Busk’s measure* 
ment. A. connem is the largest of these spiral forms with more or less free 
ends, then coines|A. tortuosa, then A. dutam^ and tliere is also A. Vidovici^ 
with the zooecia much separated^ but it may be the differences are not 
as important as now supposed. In A. ohliqua^ MacG., the ends are free, 
and even in A. lendigera^ Lamx., a considerable part is often free; and 
while we usually find that the species with the zooecia almost entirely 
connate have the two series also united, yet in A. hmliyera the two series 
may sometimes be found almost nnattached in the middle. We must 
remember that we are not quite sure what characters are of most value in 
Amathia. The Zanzibar A. distans has the ends of the zooecia free as in 
A. tortuosa^ and a small fragment from Sydney of what I have always 
considered to be A, distans has the zoarinm and zooecia the same size as 
those from Zanzibar and the ends are free. 

Log. New South Wales ; Victoria; Red Sea; Cape Verde Islands, collected 
by Crossland. 
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Amathia Vidovioi (Heller), Watere. 

Amathia Vidovici, Waters, Marine Fauna of Brit. East Africa and Zanzibar/’ GycloS) 
Ctenos. & Endoprocta, Proc. Zool. Soc. London, 1914, p. 848, pi. 4. figs. 1, 2, which see 
for synonyms* 

This is growing on the same seaweed as A. tortuosa^ T. Woods. There 
are usually about 8-9 pairs of zooecia (about 0*4 min. long) in a short spiral 
near the joint, with the lower part connate, the upper part free, as in 
A. tortuosa ; and this is the rule in A. Vidovici from other places, but a 
specimen from Genoa has the zooecia more free—in fact, some of the zooecia 
near the ends of the branches are quite free. From the stem there are a 
few rudicles with digitiforin processes. The stem is about 0*14 mm. in 
diameter, and there is a certain amount of variation in the thickness of the 
stems, but the piece measured from Zanzibar must have been abnormally 
compressed, as most are approximately the same as the present. I find that 
the piece sent to me by Joliet as Serialaria semiconcoluta, from RoscofE, has 
biserial zomcia arranged in a spiral which is longer than that of Vidovici^ 
being somewhat like .^1. tortuosa^ and the zooecia are much separated, so that 
many are quite free, w'hich led me to think it w^as a modified form of 
A. Vidovici^ but there is a little uncertainty as to what it should be called. 
AVe have seen that A. tortuosa^ Woods, A. distam, Busk, and A, Vidovici 
are very closely related. I have a sketch of an Amathia in the British 
Museum, from the JEgean Sea, named Serialaria lendigera^ 91.71.4878, 
which eeems to be A. Vidovici, 

Loc, Mediterranean ; Bermuda (^ChalL) ; Brit. East Africa ; N.E. Coast, 
United States ; Cape Verde Islands, collected by Crossland. 

ZOOBOTRYON PELLUOIDUM, Ehrenberg, 

For synonyms and localities see Waters ** Bry. from Zanzibar,” Proc. Zool. Soc. 1914 
p. 849; and Jouru. Linn. Soc., Zool. vol. xxxi, (1910) p. 243, pi. 24. figs. 12, 15. 

The specimen.^ from Boa Vista, Cape Verde Islands, correspond closely 
with those from Naples and the Bed Sea. 

As previously said, 1 think that Zoobotryou and Bowerbankia will have to 
be united. Harmer does not agree, as he thinks the zoarial characters are 
sufficient to warrant the separation, but the only difference is whether the 
branching is usually with two new branches or three, whereas in a closely 
allied genus, Amathia^ there are considerably greater difterences, without 
new genera being made. For example. A, Wilsoni^ Kirkpatrick, an un¬ 
doubted Amathia^ has also three branches at a joint. 

Bowebbakkia pustulosa {ELlii ^ SoL) Hincksy var. altbrnata, var. nov. 

Specimens from Boa Vista, growing on Zoobotryon pelluddumy Ehr., as 
well as on the supporting seaweed, and others from St. Vincent Harbour, 
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10 fathoms, are smaller than jB. pustulom Hincks. The stolon 
(0*04 mm.) is smaller, the zooecia (0*35-0*45 mm.) are shorter, and the gizzard 
is about 0*07 mm. iu diameter. The zoarium is usually creeping, hut small 
pieces are free, some of which may have been attached. From the creeping 
stolon the zooecia grow on the o|)posite sides, though not as a rule in pairs, 
but alternate in groups of four to ten (usually about ten) : after a group 
there is a diaphragm, followed by a bare stolon for a moderate distance, and 
then the next group. A few branches grow at right angles to the main 
stolons, and then there is a diaphragm near the beginning of the new 
branch. 

Var. ALTERNATA. 

This is much like B. gracillinia^^ Hincks, but the stolon is smaller in the 
vur. alternata^ also the zooecia are smaller than those of typical pustulosa, 
whereas Hincks describes his gracillima with larger zomcia than those of 
pustulosa^ though from his figure there docs not seem to be much difierence. 

Wherever this may ultimately be placed, it seems safest to now call it 
var, alteriiata. 

Loc. Boa Vista and St. Vincent Harbour, 10 fath., Cape Verde Islands, 
collected by Orossland. 

BaRENTSIA DI8CRETA (Busk), Kirkp. 

Asecpodafia diicreta, Busk, Zool. Chall. Exp. vol. xvii. p. 44, pi. 10. 0-12 (1B80). 

FedioeUim australis, Jullien (non Ridley), Mission Scientilique du Cap Horn, p. 13 
(1888). 

Barentsia discreta, Harmer, Polyzoa of the * Siboga* Exp. p. 29, pi. 2. figs. 8, 9 (1916). 
Ab Harmer gives full references I have struck out mine and refer to his paper for synonyms. 

1 have previously mentioned that the connection of the pedicel with the 
polypide is subject to considerable variation, Bometimes the rings mentioned 
by Busk are seen, but in other specimens there are none. This has been 
confirmed by Osburn. Asajiro Oka t has described Barentsia misakiensis as 

* Haider, in his Polysoa of * Siboga,’ ” p. 72, has, from my tigore, doubted whether I 
had obtained Bawerbankia imbricata from the Sudan (Joum. Linn. Soc., Zool. vol. xxxi. 
(1909) pL 25. fig. 8). But I made sketches of the three conditions of the zooecial chamber, 
and it was intended to be obvious that fig. 8 represented a aooBcium in which histolysis bad 
quite altered the polypide, but, nevertheless, in spite of these great changes having taken 
place, the dbape of the zooecial chamber was not as yet at all altered. If the object had 
been to show a perfect zooscium a much more detailed figure'would have been drawn, and 
certainly a little further explanation on my part would have avoided false conclusions. 
The figure merely represents any lyrical B, imbrieata, 

t Hincks, Brit. Mar. Poly. p. 51^>1. 75. fig. 6 (1880). 

t ^^Sur la Sarsnisia mtssMensis^'^ Zoolog. Magazine, Tokyo, 1895, pp. 76«86, pi. 12. 
figs. 1-8. 
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closely allied to BarenUxa discreta, which he, however, distinguishes by the 
number of tentacles, his species having 20-24, whereas Busk describes 
B. discreta as having 16-20 ; it, however, seems doubtful whetlier they should 
be separated, and Harmer also unites the two species, 

Loe. Tristan da Ciinha, 100-150 fath. {Busk) ; China Seas, 27 fath. 
{^Kirkpatrick) ; Ceylon, India, Chile, Cape Horn, 40met. (Jullien) ; Vineyard 
Sound and Buzzard Bay, Beaufort, N.C., and Tortugas IsL, Florida, 
18 fath. (Osburv) ; 5° 28' S,-134° 53' B., 57 met.; I"" 42' S.-130° 47' B., 
32 met. ; Makassar, 0-32 met. ; Saleyer, 0-36 met. {Harmer) ; St. Vincent 
Harbour, Cape Verde Islands, from under stones, collected by Crossland. . 

Pedioellika cernua {Pallas), Smitt. 

For synonyms see Miss Jelly's Catalogue, and add :— 

Uljanin, ** Anat. & Entw. Gesch. der Pedicellim,^* Hull. 8oc. Imp. de Natur. de Moscou, 
1870, pis. 6; Harmer, ‘^Life-Hist, of PedicelUna*^ Q. Joum. Micr. Sc. 1886, p. 239; 
Jullien, Mission du Cap Horn, Dryozoaires, p. 9 (1888); Seeliger, ** Ungesch. Verm der 
Endoproct. Bry.,” Zeit. Wissen. Zool. toI. xlix. (1889) pis. 9, 10; Levinsen, Zool. Danica, 
* Mosdyr,* vol. iv. p. 90, pi. 9. figs. 18-29 (1894); Calvet, “ Bry. Mar. de la Reg. de Cette,” 
Trav. Inst. Zool. de TUniv. de Montpellier, ser. 2, mdm. 11, p. 94 (1902); Jull. & Calvet, 
Bry. prov. des Camp, de rHiiondelle, p. 26 (1903); Norman, “ Nat. Hist. East Finmark,” 
Ann. Mag. Nat. Hist. ser. 7, vol. xi. (1903) p. 674; Osburn, ** Br}\ of Woods Hole Reg.,” 
Bull. Bur. of Fisheries, vol. xxx. (1912) p. 218, pi. 18. figs, 3a-d; Osburn, **Bry, of 
Tortugas Isl., Florida,” Pub. Carnegie Inst. p. 186 (1914). 

The s[>eciinens on Scrnpocellaria Bertholetti, Hincks, from St. Vincent, 
Cape Verde, are about 0*4 mrn. long, whereas British forms in my collection 
are about 1*6-2 ram. long. 

Loc. Northern Seas ; British and French coasts, Mediterranean, Australia 
{Kirkpatrick) ; Senegal, Gulf of Guinea, Liberia, Egypt, Smyrna {Jullien 4* 
Calvet); Canary Islands (Jullien); Woods Hole Region (CVmrw) ; Cape 
Verde Islands (^Jullien iS* Calvet^ ; St. Vinfcent, Cape Verde Islands, 
collected by Crosslaud. 


EXPLANATION OF THE PLATES. 

Platr 1. 

Fig. 1. Bugula dentata, X 26. The tissues drnwu dark are coloured a dark blue, and 
this coloration is specially marked iti the growing tissue and tips of the 
tentacles. 

2. Beania hirtissima, x 26. Dorsal surface. 

3. Scrupoeeliaria Maeandrei. (a) Operculum, X 260; (6) seta, x 86; (c) base of 

seta, x 260; (d) mandible of lateral avicularium, x 260; (e) mandible of anterior 
avicularium, X 260. 

4. Do. do. Avicularian chamber deeakiiied^ X 260. 

5. Do. do. Base of eeta with muscles and lateral chitin pieces (cA), x 260. 
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F)g. 6. Sen^jwceUaria Jlfacamilrm, Avieuiaiituu, x 100. 

7. Do. do. X 85. 

8. Afmdran^ra ^madrieaniuia, ap. nor,, x 25. The diatal spines osusUy stoad 

erect, Imt some ere given bent down to show the ahspe. 

9. SempeceUaria tridwtntaf sp. nov., X 86. 

10. Do. do. Man^ble fitting into the svioulatium. 

11. ScrupoeeUaria MaeandnOf X 86. Decalcifiedishowingthepositionof the ovsiy(os.) 

end the testes (A), 


Platk 2. 

Pig. 1, Sekiaoporelia triehoUmay sp. nov., x 60. 

2. Do. do. X 86. Opereulum. 

8. Do. do. X 260. Pores in decalcihed membranes of the frontal suifsce 

of the sooedsy showing the larger and smaller rings on the inner and outer wall. 
4. Do. do. X 12. Showing the primary sooedum. 

6. SehizqporeUa oUgopiUt x 26. 

6. Do. do, X 26. Dorsal surface. 

7. BokporaOa pmiUn^ X 25. * 

8. Do. do. X 86. Operculum. 

9. Do. do. X 85. Mandible. 

10. Sehizoparaiia apmgitea^ X 25. Showiug ovioell and vicarious arioularium. 


11. 

Do. 

do. 

X 86. 

Showing the oral denticles from the front. 

18. 

Do. 

do. 

X 86. 

Oral aperture showing the denticles from the interior* 

18. 

Do. 

do. 

X 86. 

Operculum. From Manaar. 


14. BcihmporaUa unkortM^ X 86. (a) Operculum in the oral aperture from lower 

layer with closure and small tubule; {b) do., with large tubule; (c) do.; 
{d) do., showing connection from the tubule to the distal wall of the soc^um; 
(s) do., with calcareous covering commencing over the distal part of the 
operculum. 

15. Do do. X 8& Operculum. 

16. Do. do. X 26. 2kK)ecinm ^th part of the front waU removed, showing 

the sooecium of a lower layer in an exactly similar pomtion* 

17. Do. do. X4. Side view of die soarium,showiQg the superimposed layers 
of the SQQocia, with some ovicells. 

la SobifOporsUa Similar mulrilateral soaiiiint, showing the imgularposition 

of the layers. From the Red Sea. 

19. SoikmparaUa poreMi/btms, X 25. Showing walls oomsiieSiciiig for the next 
laymi and these walls crossing over the opercubu Peom Port Elisabeth, 
S. Africa. 

29. Do. do. X 60. 

, 21. Do. do. X 86. Operculum. 

22. SobiiSatfpiuvUa imicoffiis, X86. Atatmtf dirabto tifxiiiidiiin. 

It 

Puaia «• 

Hg; 1. amn M i Omt X >6t 

1. OHM. ww'i , ly. BOT, X SlMrwbf }Mf nkdL 

8. Ik». 4 a. X 41. OnA fa i few i w i . 
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Fig. 4. TtAuhifiora Lanmtrouxiiy X 25. {odso,) oceciostome. (a) X 8. 

5. Do. do. X 25. Donal sur&cd of fig. 4. 

6. Do. do. X 25. The lower |»art is obscured bj Lithii^hammum growth. 

7. TvMipora mera$»aia, X 25. The magnificatiou of this is the same as of 

figs. 4, 5, 6, 10. (Juv,) is the early growth of T. Lamourouaeiif Aud.^ and the 
dilTerenoe in the sise of the zooecia of the two species is vexy marked. 

8. Tubul^m pulehra^ X 8. 

9. Do. do. X 25. Dorsal surface. 

10. Tuhdipora Lamourouxiit X 25. (a) X 8. 

11. Do. do. X 12. Primary and a few zooecia. 

Platb 4. 

fig. 1. Lichenopara irregtdarity rar. cmiponta^ rar. nov. This form is hi*multiserial, 
X about 4. 

2. lAeksnopcra irregularis, X about 4. This form is uniserial and there are ovioells. 

8. Do. do. X 2*5. Small uniserial colony. 

4. Lichenopora irregularis, var. composUa, yar. nor. Uniserial form showing the 

elongate extension of the subcolonies. 

5. LuShsnopwa irregularis, X 3*5. Ovicells showing several pits. 

6. Do. do. Ovieell of fig. 2, more magnified. 

7. Do. do. Showing pit at the base of which the upper wall of an ovieell is 

seen, proving the existence of a subcolony at a lower level. 

8. Do. do. X 26. Zooecia showing the spinous elevation surrounded by 

cancelli. 

9. Tkalamaporella Hoziern, X 25. Dorsal surface, showing through the walls 

bundles of spicules near the opesiules. (a) Spicule nearly straight, X 85; 
(5) spicule ** curve,’’ X 250; (c) bent spicule, x 260. It should be noticed that 
the last two are more magnified than (a). 

10. Adeonella eontoria, X 85. Aperture. 


11. 

Do. 

do. 

X 26. 

Zooecia near growing end. 

12. 

Do. 

do. 

X 86. 

Mandible.. 

IS. 

Do. 

do. 

X 26. 

Operculum. 

14. 

Do. 

do. 

X 26. 

Lateral view, showing large vicarious avicularia. 

16. 

Do. 

do. 

Natural size. 
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Some Obserrations on the Feeding-habits of Fish and Birds, with special 
reference to Warning Coloration and Mimicry. By J. C. Mottbam, 
M.B. (Lond.). (Communicated by Prof. E. B. Poulton, F.R.S., 
F.L.S.) 

(Pl,atk 5.) 

[Read Ist March, 1917.] 

Material tor this paper has been extracted from a journal, wherein are 
recorded observations of the riverside habits, and especially the feeding- 
habits, of fish and birds during the years 1909 to 1915 inclusive; they 
were not collected with any special object in view, and were made in the 
British Isles and during one season in Now Zealand. 

The paper is divided into two parts: the first deals with observations 
which have a bearing on the hypothesis of Warning Coloration ; the second 
with those which appear to throw fresh light on certain aspects of Mimicry. 


PART 1. 

Feediny^Hahits //Salmo fario, Linn, {the Brook Trout). 

The fish is strictly carnivorous. Its food consists of small fish, crustaceans, 
inolliiscs, annelids, aquatic and floating insects. Vegetable matter was found 
on only very few occasions out of five to six hundred autopsies. In New 
Zealand, on one occasion, the stomach of a fish was filled with Spirogyra^ 
Link ; subsequently it was proved that the fish took the w^eed in order at the 
same tiim' to capture a small Trichopterous larva. The yellow bloom of the 
furze, Ulex europceus^ Linn., was also taken on account of a small grub, 
probably Tineinu. In this country pieces of Ribbon-weed, Potamogetony 
Tourn., are taken in order to obtain Simuliumy Latr., colonies, either larva or 
pupa. Sometimes small pieces of wood, of gmss stems, and grass and other 
seeds are found in the alimentsiry canal; these wdll be accounted for 
subsequently. 

When the fish are feeding on floating insects conditions are particularly 
favourable for detailed observation : the insect can be clearly seen and cannot 
be taken by the fish without a marked disturbance of tlie surface. The 
under-water feeding is less easily observed, but examination of stomach and 
intestinal contents gives reliable information. 

The feeding-^habits depend to a large extent on the quantity of the food- 
supply. In waters where food of all kinds is abundant, as in many chalk- 
streams, the fish, although they have the choice of many kinds of food^ 
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always take a mixed diet. It is rare on opening a fish to find the remains of 
only one kind of food : in one part of the intestine will he found, for instance, 
snail-shells ; in another fish-bone^, and in the stomach insect-remains. The 
arrangement of the food in the alimentary tract indicates that the fish take 
their food in hatches, the remains of the various foods are more often than 
not unmixed and occupy different parts of the gut. 

Observations in every respect confirm this : a fish picking up snails from 
the river-bed will never stop to take a floating insect; fish taking floating 
insects will entirely ignore a shoal of minnows in the neighbourhood; on the 
other hand, when a fish is taking minnows other foods are neglected. This 
hunting of one prey at a time is most clearly seen when the fish are taking 
floating insects. It is the rule in chalk-streams to observe fish taking only 
one species of insect when there are two or more on the water. 

These observations indicate that fish are subject to what may be called a 
special appetite, as distinguished from a general one. When a fish is observed 
to be feeding oh one insect and neglecting another, it cannot he concluded 
that there is more than a temporary difference in palntability between these 
two insects ; it is not unlikely that another fish may be seen feeding on the 
second insect and neglecting the first. There is some evidence that t^ese 
individual and temporary preferences depend upon what food the fish has 
had in the immediate past; if, for instance, the fish has recently fed upon 
insects, it will be more likely to take some other food when next hungry. 
In many rivers during early June Ephemera danica^ Miill. (the May-fly), 
batches out in immense quantities and the fish at once gorge themselves with 
it; nevertheless, towards the close of the May-fly season, the fish may often 
be seen taking other food, whilst M. darUca is hatching out in abundance the 
fish may even be seen taking smaller species of the Ephemeridre or some 
species of Diptera. 

Ohi. —15.6. Ihl3, B. Kennet, ‘‘ Found two trout taking * Olive Dun ’ (sub-imago 
of Baetia vernue^ Curtis) and neglecting the May flies which were hatching out at 
the same time. Also saw several dace (Iteurieeu$ leueiseue^ White) feeding upon 
^ Beed Smuts ’ (Simulium^ Latr.) and neglecthig the May fly." 

It is w«U kaown to flj-fisbermen that for some weeks after the 
season the &sh more or less neglect insect diet: “The May<fly carnival 
means a long interval, daring whidi the rod may as well be pat by, for the 
glutted fish take a ‘ cure' of at least three weeks, daring which they abstun 
from ^sect-food of all descriptions^ (fram ‘Happy Hnnting Oroands,’ by 
A. E. Oathome-Hardy). 

In some streams Br<6ehycentru$ tuJmdtUut^ Onrtis, (Grannom) batohes out 
in immense quantities during April, and, in a tirailar way, the trout quickly 
satiate tiieiaselves with this insect. 
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A general survey of the feeding-habits of trout, where food is plentiful, 
brings out three distinct facts: (1) the fish prefer mixed diet; (2) fish feed 
upon one food at a time; (3) fish have a special appetite as apart from a 
general appetite. 

In waters where food is scarce the fish only grow to a small size. Under 
these conditions their feeding-habits are entirely different: they take all 
food that comes within their reach, they are forced by general hunger to eat 
that which is supplied, they have no opportunity of exhibiting preference. 
Their method of taking food is shown on examination of their stomach 
contents ; the following are two typical examples:— 

“. . . AvLg, 21, I90t5,1^. Lauibotirne, Great Shelford, part of river where food is 
scarce, stomach contents were 2 house flies, 2 bluebottles, 1 wasp, numerous reed 
smuts and other small Diptera, 2 shrimps, i snail. 

10,1910, Fennel burn, North Wales, stomach contents were 1 grasshopper, 
2 wasps, 1 black beetle, several small species of Coleoptera, 1 large Ichneumon fly, 
1 daddy-longlegs, 2 hoppers, 6 house flies, 2 caddises, numerous small Diptera, 
numerous red and black ants male and female, several duns and spinners (sub-imago 
and imago of Ephemeridse).” 

Had observations been confined to such fish, conclusions would have been 
drawn that trout appear to have no preference for particular foods. 


Evidence that Trout recognize a Difference in Palatahility beiioeen 

different Food, 

In order to prove that fish do discriminate, a long series of observations 
must show that,although the fish take both foods, nevertheless, when they 
have the choice of both, they much more often take one than the other. 
During May the trout have often choice of two floating insects, the sub¬ 
imago of BaPiia vernui*^ Curtis (the ‘‘Olive Dun^'), and the imago of Bibio 
johannis^ Meig. (the “Black Gnat”). It wull bo seen that some fish are 
taking both insects, others the Bibio only, and others the dun. Each fish 
thus falls into one of the throe classes: by observing a number of fish, 
distribution of feeding-habit is obtained, as in the following observation 

May 16,1910, “Black gnats and olive duns on the w^ater from 10.0 to 11.30 a.h. : 
of 20 feeding fish, 11 were taking dune only, 7 black gnats only, and 2 were taking 
both flies.*’ 

Similar observations made on many days and on different waters show that 
the dun, Ba^is vernus^ is taken more frequently than the gnat, Bibio 
johannii. The number of fish taking both insects was found to depend on 
the stream on which the observations were made ; where the food-supply is 
WNN. TOVRN,—»OOWGT, VOI-, XXXlYf 4 
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scanty the fish most often take both insects, no doubt because their general 
appetite is very good. Neglecting this class of fish, the following figures 
were obtained:—^Number of fish observed 201, fish taking only duns 149, 
fish taking only black gnat 52. 

Similar observations indicate that the sub-imago of Baetu jmmtlusy Burm. 

Iron Blue Dun is more palatable than B. binoculatus, Leaeh (“ Pale 
Watery Dun”), and that the imago of the smaller Ephemeridse is more so 
than Simulium (‘Uhe Reed Smut”). 

Even these observations are not quite free from doubt, the relative 
prevalence of the insects may play a part, or one insect may be more easily 
captured than another, or more easily seen. Nevertheless, there is stronger 
evidence that fish do appreciate a difference in palatability. There are two 
species of the Ephemeridoe, Heptagenia sul/uriuj Mull. (“Yellow May Dun”), 
and Leptophlebia tnarginata, Eaton (“Turkey Brown Dun”), which are 
almost never taken by trout. A “ Yellow May Dun ” (sulfuria) has never 
been seen to be taken by a trout, though a great number have been observed 
floating down where fish were feeding. On two occasions considerable 
hatches of this insect were seen, but the fish left them alone. 

Obe.—“ SepU 25,1909, U. Teme, Eardistone, saw a good hatch of the * yellow 
May dun ’ (JET. mlfwna)^ many on the water at the same time; this is rarely seen ; 
trout and grayling rising at other flies, but. no fish feeding on the ‘ May dun.’ 

28, another hatch of the ‘ yellow May dun ’ (sulfuria), fish not taking the 

insect.” 

As regards the “ turkey brown ” (£. marginata), I have seen this insect 
taken on one occasion by two fish, one of which was captured and two 
recovered from the stomach. 

OIm.—“ 10,6.1914, E. Lambourne, Newbury, a hatch of * turkey* browns' 
(L marginata), saw two fish take these insects: killed one and recovered two from 
the fish’s stomach; this is the first time 1 have seen this insect taken by fisli.” 

It is the experience of anglers that these insects are very rarely taken. 
These two insects are among the less common species of tlie Ephemeridse, 
and it is possible that their scarcity may be a factor in causing them to be 
neglected by the fish; on the other hand, fish are often seen feeding on 
other species eten when the hatch is very sparse. 

There are two other insects which are almost immnrie from the attacks of 
trout, Gerris thoracica, Fabr,, and Velia mrrenSy Latr. (“water-skaters”). 
In the vast majority of trout-streams these insects al>ound, but I have never 
seen one taken by a fish; on two occasions I have recovered single specimens 
from the stomacL The taking of tliese insects has been observed by anglers 
<m a few oocarions. It is possible the fish neglect them because they are 
difficult to capture ; the^ are very active, buoyant, and difficult to drpwn, 



KEEDtKG-HABITS Of FISH AND BIRDS. 


51 


The only other animal which trout appear to avoid is the tadpole. In 
lakes and in still pools of most trout-streams tadpoles are found, but I have 
never seen trout feeding upon ihem, nor have they been recovered from the 
alimentary canal. On the river Exe, during 1911, a small pool was observed 
in which were four trout and tadpoles estimated to the number of two 
hundred: no diminution of the number was detected during four days. 
Similar observations were made in a hatch-hole on the river Lambourne at 
Shelford in 1910, during ten days, with similar result; Ihe possibility of 
tadpoles dropping down from above was excluded. Nevertheless, on a few 
occasions anglers have observed trout to be feeding on tadpoles in waters 
where there was a scarcity of food. The colour of the tadpole deep black, 
its gregarious habits, its making no attempt at concealment, indicate that the 
animal is not much open to attack. It is also noteworthy that the vivid 
yellow of the ‘"yellow May dun*^ (//. sulfuria) makes this insect a con- 
spicnons object on the water ; it is certainly more easily seen than any other 
of the smaller British Ephemeridm. 

These observations indicate that trout do recognise a difference in palata- 
bility between different foods ; also that the relatively unpalatable foods are 
occasionally devoured. No small animal which lives either in, or upon the 
surface of, fresh water has been observed to be entirely immune from the 
attacks of trout. 

The feeding-habits of other fish, in respect of fioating insects, is of con¬ 
siderable interest; TIu/mallns vulgarh^ Nilss. (the Grayling), takes floating 
insects as freely as trout; Leuciscus leuciscus (the Dace) also feeds freely on 
floating insects ; Leucisens cephalusy Flem. (the Chub), in many streams, 
only feeds on floating insects during the gninnom^^ (Brachf/centruis sub~ 
nubilus) and “ May-fly ’’ seasons, or when an especially large hatch of some 
other insect occurs, in other streams it rises almost as freely as the dace ; 
Leuciscus rutilus^ Flem. (the lioach), is very seldom observed to be feeding 
on floating insects, but during the “ May-fly ” (Ephemera danica) season it 
not infrequently takes the sub-imago. 

As will be seen, a similar sequence is found among the birds: some feed 
only upon the “ May-fly (/i\ danica\ others take other water-insects as 
well, whilst others again feed freely upon almost every riverside species. 

Before considering the significance of these conclusions with regard to 
warning coloration, some observations on the feeding-habits of birds will be 
described. 

Cypselus apus, 111. (Swift), Hirundo rustica^ Linn. (Swallow), Chelidon 
urbicaj Boie (Mnrtin), and Cotile riparia^ Boie (Sand-Martin), feed freely on 
the sub-imago of the Epheineridse, either taking the insects whilst resting 
on the water or after they have risen into the air. It is rare to see a hatch of 
these insects without these birds hunting them, so much so that by watching 
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these birds the angler knows when to begin fishing; nevertheless, they 
occasionally become satiated with these insects. During the close of the 
“ May-fly (^Ephemera danica) season it is by no means uncommon to see 
the swallows hunting over the fields whilst May-fiies are hatching-out. 

Obs.— ^^June 5, 1913, H. Kennet, Thatcham, whilst a good hatch of E. danica 
was on, swallows were hunting over the meadows to the windward of the river and 
were therefore not feeding on the ‘ May fly,’ which for several days they have been 
eagerly devouring.” 

In contrast to their liking for the Ephomeridse, they have only on a very 
tew occasions been observed to take the “ Black Grnat ’’ (2?. johamiis) ; there 
evidently appears to be a distinct difference in palatability between 
these insects. A difference in the ease with which they may be captured 
cannot account for the selection, because the birds take other insects whose 
flight is quite as erratic as that of the Black Gnat/’ and also the ‘‘ Black 
Gnat” is often over the water in such dense swarms that the birds would 
have but to fly through them in order to obtain a mouthful, a method of 
feeding which they often employ for the capture of many small insects 
which swarm in the air. 

Emberiza sclueniclus^ Linn, (the Reed-Bunting), is very adept at picking 
the sub-imago of the Eplieiiieridse off the water; it in the same way feeds 
upon Bracliycentrus mbnuMlus (the Grannom), and has never been seen 
taking B.johannis (Black Gnat). 

Afotacilla luguhrisj Linn , M. boarula, Linn., and M, rayi^ Boriap. (Wagtails), 
are commonly seen taking Ephemeridse ; on two occasions, during'a double 
hatch of “Grannom” and “Olive Dun,” it was noticed that the birds took 
the Ephemeridee by preference, allowing “ Grannom,” close at hand, to pass 
untouched whilst flying several yards for a “ Dun.” 

Obs .—April 16, 1910, E. Lambourne, a mixed hatch of ‘ Grannom * and ‘Olive 
Dun,’ 11.0 A.M. to 1.0 r.M., a pair of M, Ivyuhris feediug on both flies; when a dun 
was available it was always taken though * Gi'aiiiiom ’ were often closer on the 
water.” 

A second observation with if, rayi, on the same river, was precisely 
similar. 

A large number of different species of birds collect at the river-side 
during the “ May-fly” season: Fringillidse (Sparrow, Chaffinch, Greenfinch), 
Slurnuc vulgarisf Naum. (Starling), Laridse (Black-headed Gull and Common 
Tern), Anatidse (Ducks), Muscleapa yricala, Linn* (Flycatcher), Anthus pro- 
Becbst. (Meadow^Pipit), fiylviidte (Warblers), and other birds which 
are not, as a rule, observed feeding upon the smaller species of the 
EphemeridsB. These observations indicate that the several British species of 
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Ephemeridse could be arranged in an order of palatability, both for birds 
and fish, iieaded by Ephemera danica, as probably the most palatable, and 
Heptagenia sulfuriay as the least. 

The habits of the Swift are of particular interest because of its great 
agility^ and the great pace at which it bunts would undoubtedly enable it to 
take any flying insect—for instance, when feeding on the “May-fly,” the 
impact of bird and fly can be distinctly heard at a distance of ten to fifteen 
yards. 1 have seen tliem take white butterflies on two occasions. 

Ohs.—“ 7.5.1913, It. Kennet, swifts feeding on ‘ May fly,’ many Pierines cross¬ 
ing the river: the bird caught one with the greatest ease and at once rejected it, 
the insect fell on the water and was not recovered. 16.0.1910, ‘swift’took a 
small garden white at a single swoop, then passed behind a willuAv tree, out 
of view.” 

These observations are recorded because they show that the birds could 
capture these butterflies did they care to. As a proof that much less agile 
birds are capable of capturing rapidly flying insects, it may be mentioned 
that on three occasions Sparrows have been observed amongst new-mown hay 
successfully chasing Tryphoenapronuhay Hiibn. (Yellow Under-wing Moth); 
on two occasions small flocks of these birds were observed feeding in this 
manner for several hours. Wagtails on several occasions have been observed 
systematically hunting Musca domesticay Linn, (the House-fly), and Scaiophaga 
siercorar'iay Latr, (the Dung-fly). 

The Significance of these Observations with respect to Warning 

Coloration, 

It appears that whether or no an animal will prey upon another depends 
upon a number of factors, of which the following are the most important:— 

(1) The animal’s general hunger : a hungry trout will take all that conies 
within its reach, sometimes even tadpoles; a less hungry fish will only take 
the more palatable foods, whilst an almost satisfied fish will only take the 
most palatable. 

(2) The animaPs special hunger: trout, and less certainly birds, prefer a 
mixed diet, if an animal has lately become satiated with a particular food, 
then this food is temporarily lowered in the scale of palatability. 

(3) The readiness with which a food can be gathered : animals difficult to 
capture will be neglected at the expense of those easy to take. 

(4) The prevalence of a food-supply: trout, and less certainly birds, appear 
to ooucentrute their energies upon hunting one prey at a time; for this 
reason they will attack a prevalent prey in prcfeiencc to a scarce one (it has 
been often observed that birds will feed upon insects when they are unusually 
abundant and which they have never before been seen to attack). 
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(5) The animals appreciate a difference in palatability. Possibly there 
are other factors which control the selection. It is obvious that in order to 
estimate the palatability of food all these determining factors must be taken 
into account. 

It may here be mentioned that relative palatability may itself depend upon 
several factors, of which taste and digestibility are not necessarily the most 
important. The readiness with which the prey can be disposed of is an 
important one : for instance, when butterflies are attacked by small birds the 
large expanse of wing protects the small body, the insect is likely to be 
seized by one or both wings, when the bird shifts its hold in order to dispose 
of it the wing is momentarily released and the scarcely injured insect 
escapes, requiring to be recaptured; further, when the insect has been 
killed, the stiff dry scale-covered wings are difiicult to swallow, and are, as a 
rule, removed before the body is eaten. It would appear that a butterfly 
is unpalatable in this respect, apart from taste. If warning coloration 
advertises unpleasant taste there seems no reason why it should not also 
advertise difiicult disposal. • , 

It is also conceivable that warning coloration may similarly advertise 
difficult capture ; on the other hand, conspicuous coloration would give fhe 
hunter a good mark to follow. Inconspicuous coloration is of use during 
motion: a covey of grouse flying over heather cun only be followed with the 
eye for a short distance ; should there be a partial!)" white bird among the 
covey it can be followed over the moors for a mile or so. Entomologists 
find some inconspicuous butterflies very hard to capture on the wing, not 
because of rapid flight, but because they are being constantly lost in the 
background. 

The feeding-habits of birds upon butterflies is of special interest because 
selection by birds has been considered to be a factor in the production of 
mimicry in these insects. On this account, particular attention has been 
paid to the feeding of birds upon butterflies. Marshall (1) has collected 
together the records of the attack of birds upon l>uttei*flies up to the year 
1909 and given reasons for the paucity of. the evidence, which has been 
considerably increased since then. The evidence at present collected appears 
to show that— 

(1) Birds seldom feed upon butterflies ; 

(2) They are less often attacked, and are less often found in the alimentary 
canal of birds, than are many other insecte. 

(Further evidence may, however, negative both these statements. When¬ 
ever accurate fleld-observations are made these instances of birds feeding 
upon butterflies are by no mt^s infrequently recorded. Swynnerton has 
shewn that these insects are so broken np in the alimentary tract of birds 
that a oarefnl microsoopieal examinatioii is required for their recognition.) 
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It has therefore been concluded that on broad lines butlerflies are less 
palatable than many other insecfs^ and that their diurnal habits, relatively 
slow flight, and conspicuousness may be looked upon as warning characters. 

The wings of butterflies, apart from pattern and coloration, are conspicuous 
on account of their large size (size is a very powerful factor as regards 
visibility), and also on account of their opacity Itransparent wings are a 
great aid to concealment). Although butteiflies as a whole may be less 
palatable than many other insects, it does not follow that among them there 
may not be difference in palatability, just as there is in the Ephemeroptera 
towards fish and birds ; and just as butterflies may as a whole exhibit con¬ 
spicuous (warning) characters so, among them, according to their palatability, 
some may exhibit more conspicuous characters than others. If animals can 
be arrranged in an order of palatability, and if warning coloration and 
protective resemblance are the result of selection by enemies, then animals 
liable to attack should also form a series presenting all grades, from a most 
pronounced conspicuous coloration to a great protective resemblance, the 
intermediate forms showing something of both. Some evidence has been 
brought forward that this occurs in the Ephemeridse. In a previous 
paper (6), the factors for conspicuous pattern were ascertained by experiment 
with artificial pattern, and it was shown that among Indian Lepidoptera 
some 'of the insects present nil the factors for eonspicuousness ; others, some 
only; whilst others, only a few. Swynnerton (2) has shown that animals, 
which form the food-supply of any species, can be arranged in order from 
the most palatable to the least palatable ; and opinion is expressed that 
animals bear some distinctive mark whereby a preyer can recognise and 
distinguish the relatively unpalatable from the relatively palatable. The 
“distinctive'* coloration need not necessarily be very conspicuous. Unpalat¬ 
able animals can afford to carry a conspicuous mark, but the relatively 
palatable can only carry one, which is to a small extent conspicuous, or one 
which is only displayed when concealment has failed. 

This conception is similar to the author's, but is better in that, by 
replacing the term “ warning coloration,” it brings into line those slightly 
conspicuous characters which ennnot be called “warning” characters. The 
conception presumes that preying animals have a memorising power of con¬ 
siderable magnitude, but this presumption does not appear to be always 
necessary: for instance, a very strong family likeness runs through long 
series of protected species of butterflies. Swynnerton says of this, “ This can 
be accounted for by the advantage of maintained notoriety.” If, however, 
a number of different butterflies present very conspicuous characters, they 
must be very similar in appearance, l>ecause the majority of the factors for 
eonspicuousness must be present in each. Poulton (3), so long ago as 1887, 
observed that certain colours and patterns associated with unpalatability, 
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do constantly recur among insects^ both in the larva and adult states. It 
follows that in this case unpalalability might be associated in the preyer^s 
mind, not witli a particular form, colour, pattern, or other character, but with 
conspicuoustiess. If a bird be given a conspicuous insect which it has never 
before seen it will be shy in attack; whereas when the insect is inconspicuous 
the bird^s attack will be bolder. Variations in edibility may be associated 
in the preyer’s mind with degrees of conspicuousness rather than with 
distinctive markings: many distinctive marks appear to be related to con« 
cealment rather than the reverse ; nevertheless, as a working hypothesis, 
Swynnerton’s conception may prove to be of considerable value. 

(3) Birds have been observed sometimes to exercise no choice with respect 
to butterflies on which they are feeding. As has been already seen, the 
conclusion that they do not recognise a difference in palatability cannot be 
drawn. 

(4) Birds have been sometimes observed feeding upon presumably pro¬ 
tected butterflies, Euploeines and Danaines. Conclusions cannot be drawn 
that they are not relatively unpalatable; trout will sometimes feed upon 
tadpoles. 

(5) Birds have on a few occasions (4) been observed to feed upon some 
butterflies, whilst neglecting others. This might be the result of a temporary 
special appetite of the bird, the difference in the ease of capture of the 
insects, or by a difference in the relative prevalence of the insects. Only 
after exclusion of these and other factors can it be concluded to be due to a 
difference in palatability. 


PAET 2.. 

Observations which show thai Salmo fario mistakes other things for Floating 
Insects^ and fails to distinguish Artificial Flies from Natural Ones. 

As already mentioned, examination of the alimentary contents often reveals 
the presence of small pieces of wood, stick, grass-stem, and seeds, more 
especially grass-seeds. If a trout, which is feeding on floating insects, be 
observed over a long period, it will be seen often closely to examine many 
such small floating things ; the majority of these the fish will neglect, a few 
will be taken into the mouth to be at once rejected, a small proportion is 
swallowed. There can be no doubt that the fish mistakes these things for 
the insect on which the fish is feeding at the time, and it may be concluded 
that its vision is not very acute. If the fish is feeding on one particular 
insect, as is most often the case in chalk-streams, mistakes are much more 
seldom made than when the fish is feeding on any floating insect which the 
stream may bring down. 
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The following are samples of the observations :— 

Obi.— March 30, 1911, lake Okeraka, New Zealand, stomach contents of trout 
were four grasshoppers, two cicadas, and three short pieces of stick of about the 
same length and thickness as the grasshoppers. 

“i/iiZy 21,1911, R. Kennet, Newbury, stomach contents were many ‘ Pale Watery 
Duns ’ {Baetis binoculatus) and three grass seeds similar in size to the bodies of the 
insects. 

“ July 5,1909, B. Lambourne, Shefford, watched a fish for half an hour taking 
‘ blue-winged olives ’ {Ephemerella ignita^ Poda) and * Reed Smuts ’ {Simulium), fish 
always examined any small floating object which at all resembled the insects; 
on more than a dozen occasions such things were mouthed, and twice, evidently 
swallowed.” 

More certain evidence that trout are easily deluded is provided by the fact 
that the dry-fiy fisherman is able to kill fish with crude floating imitations 
of the natural insects made of fur and feather. Dry-fly fishing consists of 
floating over the fish and making to rest on the surface of the water, a dry 
artificial insect in imitation of the natural one on which the fish has been 
observed to be feeding. In streams which are little fished the fish are 
easily deluded ; but, in heavily fished waters, they become educated and are 
able, on close inspection of the insect, to detect the counterfeit. This 
education is the result of the fish having been either caught and returned, 
or hooked and lost on many occasions. The Plate (PI. 5) shows a series of 
artificial insects photographed against a high light, as the fish see them. 
It illustrates the roughness of their resemblance to the natural insects. 
The artificial insect may bo looked upon as an unpalatable insect mimicking 
a palatable one, and the facts show that a crude mimicry is of considerable 
power for delusion. 


Observations ivhich indicate that Birds mistake inanimate things for Flying 
Insects^ and the Angler s Fly floating on the water for Insects similarly 
situated. 

If Muscicapa grisola (spotted flycatcher) or any of the species of swallows 
or martins be watched, over a long period of time, whilst they are feeding on 
flying insects, it will be noticed that not infrequently the birds start out from 
where they are resting, or alter their line of flight, in order to capture small 
pieces of feather, seed-plumes, leaf-scales, chaff, or other light bodies floating 
in the air, which they obviously mistake for flying insects; as a rule, closer 
inspection shows therni their mistake. Sometimes the object is taken in the 
bill and subsequently dropped ; or very occasionally it appears to be 
hINN. JOURN,—SSOOhOOY, VOL. XXXIV, 5 
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swallowed. The following are details of some of the observations, given to 
show that the above statement is not open to donbt. 

Obs.—“3.6.1913, watched a spotted flycatcher feeding upon small flying insects, 
chiefly gnats, observations extending over half an hour, bird seen to set out after 
small pieces of feather, chaff, &c. on three occasions, and a fourth time the object 
was taken in the bill. 

“ 13.6.1914, swallows feeding upon ‘ olive duns,* bird took small piece of feather 
which was not seen to be discarded. 

“18.4.1910, wagtails feeding upon ‘ Orannom,* on several occasions bird made for 
small floating objects resembling the insect, and twice picked these off the surface 
of the water, then dropped them.” 

Whilst making such observations, it was noted that the birds often flew 
long distances after passing insects, as much as twenty yards, and that many 
of the mistakes were then made. 

The dry-fly fisherman’s evidence that birds are easily deluded, is very 
clear. Swallows, martins, and swifts very commonly pick the artificial 
insect off the water, when an imitation of one of the Ephemera is being used. 
Two typical experiences are given :— 

Obs —“ 5. 7.1909, B. Lambourne, G^reat Shelford, 3.0 to 4.0 p.m., hatch of 
‘ Blue-winged Olives’ (Ephemtrella igniia\ swallows picking insects off the water as 
well as taking them in the air, my artificial ‘ Blue-winged Olive ’ was repeatedly 
picked off the water and carried for a yard or two in the air, by both swallows and 
martins : so persistent were the birds that they interfered with the fishing. 

“20.4.1913, hatch of * Grannom,’11.0 to 12.30, black-headed bunting picking 
insects off the water, on two occasions bird mistook my artificial insect.” 

Similar mistakes have been personally witnessed in the case of the following 
birds: Motacilla rayi, M. boarula^ Sterna (a tern in New Zealand), Anthus 
pratensisy Acrocephalus schcenobcenus^ Newton, Caprimulgus europfjpus, Linn., 
Amer (domestic duck), Fodiceps flumatilis, Degl. & Gerbe, and species of Bat 
(undetermined). 

It is clear therefore that birds, like trout, frequently mistake crude 
imitations for living insects. 

The Importance of these Observations with resped to certain Aspects 

of Mimicry. 

It has been shown that a crude resemblance suflSces to delude both birds 
and trout. It would appear therefore highly probable that if one insect only 
slightly resembled another, which the bird was avoiding, then the mimicking 
insect would, to some extent, be also avoided. The fact that birds have been 
observed to begin their attack from considerable distances would help to give 
value to a crude resemblance ; becituse at such distance all details of pattern 
and coloration (especiall;^ daring motion) cannot be seeu, 
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These considerations are of some importance, because it is difficult to 
conceive liow iniinicry cun have had a beginning, except by a variation of 
considerable magnitude ; further, it has been thought that birds would be 
able to see through a disguise, unless it were good. However, the obser¬ 
vations which have been recorded indicate that both birds and fish are easily 
deceived, and that a crude resemblance would be likely to give a niimicking 
insect some protection, and especially because birds often begin tlieir attack 
from such a distance that many <letails of j)attern and coloration are 
invisible. On the one hand, a bird may allow to pass at twenty feet a mimic 
which is only a poor imitation of a protecteil species ; on the other hand, at 
two feet, a good iirntation may be necessary for immunity from attack. It 
would follow that, although a poor imitation may gain some protection, a 
good mimic would gain more ; so that from a rough resemblance, a good 
resemblance could conceivably be built up by the agency of selection by 
birds. Th<‘re is anifde evidence that butterflies, as a whole, are less palatable 
to birds than many other groups of insects. An examination of their form, 
pattern, coloration, and habits shows that they exhibit several characters 
which must render them, relatively to other insects, conspicuous in Nature. 
Nevertheless, if butterflies, as a whole, be considered to present some \^arning 
characters, it obviously does not follow that, within the group, there may 
not be degrees of palatability associated with variations in the amount of 
warning coloration, and that therefore there may not bo also within the 
group mimicry. 

Summary. 

Attention is especially directed to two aspects of the relations between 
preycr and preyed upon. 

First, tliat there are many factors wliich determine whether or not, at 
any particular time, one animal will prey upon another, of wliich relative 
palatability is only one. In order, therefore, to demonstrate a difference in 
palatability between various foods, all these determining factors must be 
taken into account. 

Second, that observations in<licate that both birds and fish are deluded by 
rough resemblances to the insects upon which they are at the time feeding. 
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ARTIFICIAL INSECTS (HALFORD'S PATTERNS) 


Fi(j 1. Male iinagd nt' Haetix /ntmilifs. lliirni. (** Ir(»ii IMue S])iiiner’*). 

„ 2, Ffinale siil)-iiiiJi;ro of li. fnimihifi Irnii Blue l>uri 

.‘1 Kfiualt* sLib'iiiia^o of H /tinoctiiaftts, l^uach Pah* Watery Duii "). 

,, 4. Female .siib-imajro of /y, rcnuiSj Ciirti.s Olive Dun 

,, 5. Male /iibio johamm, Mei«:. (“ Blaek Oiiat’’). 

„ Female Brttchitrentrw* snhivthtlm^ (^xivvy'wi^ egrg-sati (‘Miramiom ”). 
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Description of Paracvhans spinosus^ a new Genus and Species of Terrestrial 
Isopoda from British Guiana. By Walter E. Collinoe^ D.Sc., 
F.L.S., etc., CWuegie Fellow, and Research Fellow of the University of 
St. Andrews. 


(Plats 6.) 

[Kead 3rd May, 1917.] 

In June last I received from Mr. G. E. Bodkin, the Government Economic 
Biologist at Georgetown, Demerara, British Guiana, two specimens of 
Terrestrial Isopods collected from decaying wood, Mazakuvi River, British 
Guiana, a very slight examination of which was sufficient to indicate that 
they differed in a number of important structural characters from the genus 
Cubansi Brandt, to which they bore a superficial resemblance. 

A closer examination sliows that whilst belonging to the Cubaridse, they 
are quite distinct from the genus Cubans or any of its allies, and necessitate 
the erection of a new genus, which I am here describing under the name of 
Faracubaris. 

Paracubaris, gen. nov. 

Body oblong-oval, segments strongly convex, whole of dorsal surface 
covered with short, blunt spines. Oephalon short and wide, cephalic lobes 
absent, epistoine dorsally sloping and keeled in the median line. Eyes 
compound, situated dorso-laterally. Antennse with 2-jointed flagellum and 
elongated terminal style. Inner lobe of maxillipede without spines, termi¬ 
nating in a setaceous pad. Pleural plates of mesosomatic segments slightly 
excavate and terminally the 2nd to 5th bluntly pointed. Only the first 
segment exhibits a slight thickening on the inner lateral margin. Uropoda 
extending beyond tlie telson ; basal plate thick and flattened, exopodite 
articulating with the posterior inner border, short and broad and extending 
beyond the basal plate, endopodite long, both exo- and endopodite have 
a short terminal style. Telson triangular, terminally bluntly rounded, 
proximally wider than the length. 

Parambaris differs from the genus Cubarisy Brandt, in the form of the 
cephalon, antennse, maxillipedes, and the first mesosomatic segment. Unlike 
any member of the latter genus the uropoda extend beyond the telson and in 
the form of both of these structures there are well-marked differences. 

In the position of insertion of the exopodite Paracubaris shows a relation¬ 
ship with Pseudarmadilloy Saussure^, Sphmroniscusy Gerstaecker f, and 

* Rev. et Mag. Zool. (s. 2), vol. ix. (1R57) p. 308, and MSm. Soc. Pliys. et d’Hist. Nat. 
GenBve, vol. ziv. (1858) p. 483, figs. 43,43 a. 

t Ent Zeit. 1854, p. 814. 
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Haplarmadillo, Dollfus but diflers from the first-mentioned genus in the 
form of the cephalon and first inososomatic segment, from the second in the 
two-jointed flagellum of the autennse and in only the first two metasomatic 
appendages having pseudo-tracheaj, whereas in Sphieroniacus they are present 
in all the five appendages. In Baplarmadillo the flagellum of the 
antennse has but a single joint and the eyes are simple. The new genus is 
more, closely related to t)ie genus Minca^ Pearse f, recently described from 
Colombia, which possesses a two-jointed flagellum, a triangular-shaped 
telson, and broad flat iiropoda, which extend beyond the metasome. 

Paraoubaris spinosus, sp. nov. (Plate 6.) 

Body oblongioval, segments strongly convex, dorsal surface covered with 
short blunt spines, finely granulose. Cephalon (figs. 1 & 2) short and wide, 
with well-marked anterior and posterior margins; cephalic lobes absent; 
epistome dorsally sloping from the anterior margin of the cephalon, keeled 
in the median line, concave laterally. Byes compound, situated dorso- 
laterally. Antennulee (tig. 3) 3-jointed, distal joint with few stout spines 
laterally and fine terminal style. Antennse (figs. 4 & 5) of medium length, 
Ist joint short, 2nd grooved on the outer side, 5th joint elongated ; flugellum 
2-jointed, distal joint the smaller, with elongated terminal style. First 
maxillse (fig. 6), outer lobe terminating in four outer, stout, curved spines 
and eight smaller inner ones; inner lobe terminally rounded, with two 
spines covered with fine short setse. Maxillipedes (fig. 7), the terminal joint 
of the outer palp is multispinous, two multispinous processes arise from the 
middle joint, and there is a single large spine on the inner border of the 
first joint; the inner lobe is without teeth or spines, but has a well-marked 
setaceous pad terminally. The segment!? of the mesosome are strongly 
convex, pleural plates all slightly excavate, those of 2nd to 5th segments 
terminally bluntly pointed, remainder truncate, posterior angles undeveloped. 
The first segment has a slight fold on the outer margin, which ventrally 
appears as a thickening (figs. 3 & 9). Thoracic appendages normal, enlarging 
slightly posteriorly. Uropeda (fig. 10) extending beyond the telson ; basal 
plate thick and flattened, with slightly raised diagonal crest, exopodite short 
and broad, articulating with posterior inner border and extending beyond the 
ba,s.al plate a little, eadopodite long, both spinous and with small terminal 
styles. Telson (fig. 11) triangular, terminally bluntly pointed, proximally 
wider than the length. Length 20*5 mm. CqIout (in alcohol) greenish- 
brown witli lateral areas on the mesosome of brown and white mottling. 
ffabkirt. In decaying woodj^^asakitvi River, British Gniiina, May 1916 

* Proe. ZooL Soe. Load. 1696, p.^9. ' 

t Broc* U.S. Nat. Mils. voL sritx. (1916) p. 644, fig. 6, 
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Type. In collection of W. E. 0. 

Paracuharis spinosus is of special interest in that it represents a type of 
Oubaridse only known as yet from the Western Hemisphere. The short wide 
cephaloii is very dilFerent from the form seen in Cuharisj Brandt, and the 
sloping epistome, present in some species of this last-mentioned genus, is also 
present here, a fact which would seem to considerably weaken the importance 
attached to this particular character by Budde-Lund, who regarded it as of 
generic im{>ortancp. 

The antennse are distinctly Oubarid, and differ from those in Cubans only 
by the absence of the grooves on the outer side, and in that the distal joint 
of the flagellum is shorter than the proximal one. 

The maxillae offer no characters of importance, but the inner lobe of the 
maxillipede is curious in possessing a setaceous pad terminally in place 
of the usual tooth-like spines. This feature occurs in many genera of 
Terrestrial Oniscoida, but not, so far as I am aware, in any bcdonging to the 
Cubaridse. 

The pleural plates of only the second mesosomatic segment exhibit any 
thickening of the coxopodite, and these are of a very simple nature 
(figs. 8 & 9). 

The uropoda are very distinct from those of any other genus of the family, 
being thick and flattened with the exopodite inserted on the posterior inner 
border of the basal plate. They extend beyond the telson. On the outer 
lateral and posterior border of the basal plate are a number of strong short 
spines, and a few similar ones are present on the exo- and endopodites. 

As in Minca^ Pearse, the telson is triangular and does not extend to the 
end of the metiisoiiiatic segments. 

EXPLANATION OF PLATE 6. 

Paracuharis spinosttSy gen. et sp. nov. 

Kg. 1. Dorsal view of the ceplialon. x 8. 

2. Anterior view of the ceplialon. X 8. 

3. Dorsal view of the right antennule. X 70, 

4. Dorsal view of the right antenna. X 14. 

6. Terminal style of the antenna. X 110. 

6. Terminal portions of the inner and outer lobes of the right Ist maxilla, x 70. 

7. Terminal portion of the left maxillipede. x 48. 

8. Ventral view of the outer margin of the 2nd mesosomatic segment, x 6. 

9. Terminal margin of the same, x 8. 

10. Dorsal view of the light uropod. x 14. 

11. Telson and last metasomatlc segment, x 6. 

The author desires to thank the Carnegie Trust for the Universities of 
Sootlaud for a grant to defray artist’s charges. 
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I. IinPBODOOTION. 

The!re are few groups of animals that present greater difficnlties in 
connection with their classification than the C^er Isopoda. 

Much of the work of the earlier oaroinologists has, in the light of recrat 
research, proved to be very imperfect, and many of the genera and species 
classified as related to one another have been shown to be widely separated. 
Further, structural characters that hold good for.certain divisions of the 
Isopoda are quite unsatisfactory for others. This is particularly well illus¬ 
trated in the oral appendages. I have elsewhere (7) expressed the view, and 
shown, that in the suborder Onisooidea, Sars, these appendages “ are liable 
to a large amount of variation in individoal speoies, and are therefore 
characters of only minor importance as compared with the form of the head, 
antennsB, telson, nropoda. mesosoinatio segments, and thoracic appendages,** 
and I believe that farther investigations will serve to corroborate and 
strengthen this view so far as the strictly terrestrial forms are concerned, 
where considerable modification and degeneration have taken place. 

On the other hand, in certain suborders of marine Isopoda these same 
appendages would seem to be fairly constant in form, and to offer excellent 
data for the characterization of both genera and species (B-IS). 

Recent work on the suborder known as Valvifera shows that the form of 
at least two of the four oral appendages affmds most valuable aid in the 
discrimination of both genera and species, via., the first maxillse and the 
maxillipedes. In this connection it is interestiiig to note, that in the members 
of the family Idoteidee they differ very, little in the immature stagM from 
that obtaining in the adnlt; they are ihas flpeqnmitly of great service for 
purposes of identification. A further intwesHag point relative to the two 
pairs of maxillea, and in a lesser degree the maxillipedes also, is the frequency 
with which the “casts’* of these appmidagea remain attached to the newly 
formed ones, and they often serve a us^l pmpOse ip dding in the elucidation 
of minute structural deiafls, as, being free from all mnsonlarattadiments and 
almost void of pigment, they can eamly and qaickly be made transparent. 

It is therefore much to be regretted that many at^ors have given no 
description or figures of the form and gtrmetan ni ^ese appendages in quite 
a hirge ndmber-of speoies. 

In the present communication l.have'eadaavtmred to remedy this to some 
extent by describing and figuring the fits| miutWa (oooad<mally the se 0 >nd) 
and the maxiUipede in 24 speoies r^fferab^B ^io 9 genera of the family 
Idoteidm, in none of wl^oh, so far as I am aware, have they both been 
described, and also to ci^rreot some mrow in a few the figures and 
dosorip^mas where the nmaUl^ede .only, has. been partiy described and 
inoerreoily figured. 
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I have much pleasure in here expressing my thanks to the authorities of 
the XJ.S. National Museum, Washington, for specimens o£ many of the 
species examined ; to Professor D’Arcy W, Thompson for examples of 
MeAAotea sabini (Kroyer); to Professor Ohas. Chilton for various New 
Zealand species; to Mr. Keppel H. Barnard for many South African species; 
and to Mr, Walter H. Baker for South Australian species. 

Under the different species the more important references have been given, 
but no attempt has been made to give the complete list of synonyms or 
references, 

II. Method op Preparation. 

Most of the errors in previously published figures and descriptions of the 
oral appendages of the Idoteidm are due to the fact that the different 
segments, joints, spines, etc. are not always shown, and this has no doubt 
partly arisen owing to the appendages having been imperfectly prepared for 
microscopical examination. 

The old method of boiling or even soaking in a solution of caustic soda is 
unsatisfactory, as frequently the different parts become separated from one 
another and also become altered in forfn to a greater or lesser degree. 

After considerable experimentation, I think I have at last arrived at a 
method that is thoroughly satisfactory. So far as I am aware, the details 
have not previously been published ; it therefore seems desirable to describe 
the method in detail. 

The original idea of treating chitin as described below is Professor J. C. 
IrvineV**, who adopted it in a research on the chemical nature of chitin 
derived from different sources He has very kindly given me the essential 
details of the process, and with these I have made numerous experiments 
and modifications, ultimately evolving the following process for clearing and 
staining small chitinous objects, such as the appendages and other parts of 
the exoskeleton of Crustacea. 

All the material dealt with hud previously been preserved in alcohol. 
Upon removing the appendage or particular part to be studied, it was placed 
in a small quantity of a 15 % solution of HCl, and there allowed to remain 
for a period varying from twenty minutes to three hoars, according to the 
size and thickness of the object. The receptacles used for containing the 
specimens and fluids were small flat glass dishes 39x39x9 mm. with a 
circular concavity 5 mm. in depth, and covered with a square of glass. Upon 
removing the specimen from the HCl it was well washed in distilled water 
and Hien transferred to a 5 % solution of caustic soda, in which it was 
idlowed to remain for one to throe hoars, and titen placed in a 4 7^ solution 
ol aodiaoa pemanganate for a period varying from thirty minutes to two 

• Ttans. Chem. Soe. Load. voL zev. (1909) pp. M4-670. 
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hours. Finally, it was again placed in a 15 ®/<, solution o£ Hf!l for ten to 
sixty minutes. 'After further careful wasliing the specimen was dehydrated 
and then stained with Meyer’s alcoholic carmine. 

Most of the material was examined in xylol, some was mounted in Canada 
balsam (xylol) and some in Farrant’s solution, but none of the specimens 
were improved by the use of either of these media—the former proved the 
better of the two. 

I should strongly recommend anyone trying ibis method to first experiment 
with some material of no value, as it is only by experience that one comes to 
appreciate just the right time to remove the specimens from one solution 
to another. If removed too soon little change has taken place; on the other 
hand, a very short excess period is sufficient to min the object. 

If the above-mentioned small flat glass disbes are used the specimens can. 
be examined from time to time under a low-power of the microscope and the 
progress and changes noted. 

The value of this method of treating small, jointed chitinons objects lies 
in the fact that, if carefully handled, little or no displacement of the different 
pad» takes place ; farther, the objects are rendered perfectly transparent, all 
cellular tissue and pigment being removed, and a uniform stain is taken up 
by the margins of all joints, segments, spines, etc. Setse which appeared to 
arise as stiff spines from the surface of a body can, by this method of 
preparation, be seen to pass beneath the surface at their proxintal ends and 
to be lodged in tiny pits or articular cups, whilst others that appeared to be 
perfectly smooth are found to carry smaller spines, teeth, etc. 

It is with considerable pleasure that I here acknowledge ray indebtedness 
to Professor Irvine for the basis of this inatbod, and for the, at all times, 
kindly criticism and advice he has given. 

ITT. Thb Oral Appexoagi^ of thx Fakilt Idoteidx:. 

The two principal appendages that have been employed in the classification 
of rile members of the. suborder Valvifera are the first raaxillee and the 
maxillipedes, and I propose to offer some few remarks upon these as 
presented in the family Idoteidm. 

The Mret MamUae .—Each maxilla cohsuNa of a {ndr of elongated ohithious 
bodiee-'-the iimer and outer lobes—conncicted'by a! small basal segment. The 
outer lobe is slightly convex on tho v^trol side ^d Mmost flat dorsally, 
ttsuatly the anterior half, or even twb-thirds^ la udder than tlie posterior 
porticm. Setules, small plain spines, set in Cup-shaped arricnlar cavi^es may 
or may not be p^rMent on the sprier pait of tihe .ventral snrfiaee. Dktally 
^ete ime «imriaffie nnn^r of citm^'spines. In many t^pemee these are 
diviibd ^tc tme sets, via., amios of stoat, carved, blnatty 
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. pointed ones, and an inner series of thinner, more slender, usually sharply 
pointed ones, which have one or more rows of teeth on their sides, which 
vary considerably in number and size. The two series are frequently 
separated by a long, slender, sharply pointed spine. There are often a series 
of setas on the anterior outer (and sometimes inner) border.. 

The inner lobe shows considerable variatKm in the difEerent genera. It 
consists of an elongated, narrow, posterior portion, which widens anteriorly 
into an oval or more or less triangular, flattened plate, with two to four 
setaceous spines at the distal extremity, in addition to which, one or more 
setules may be present. In a few cases the number of setaceous spines may 
be greater on the appendage of one side than on that of the other. 

The Maxillipedes. —Each maxillipede consists of a divided coxopodite, a 
basipodite with a short inner lobe on the inner side, and an outer lobe or 
palp (endopodite) articulating with the basal segment on the outer side. On 
the outer side posteriorly there is a wide, more or less oval, plate, the epipodite. 
The divisions of the coxopodite lie respectively posterior to the epipodite and 
basipodite. The inner lobe of the basipodite is generally fringed distally 
with a number of setose and plain spines, and on its inner side and about its 
middle is a curved process whicii serves to hook together the appendages of 
the two sides. Occasionally there are two or more of these processes. 

The outer lobe or palp is composed of a varying number of joints, but the 
first or collar’"-joint, a short one immediately anterior to the basipodite, is, 
1 believe, present in most genera. It would seem to be absent according to 
Miss llichurdson (21) in the genus Chiriscusy for no such joint is shown in 
the figure of the maxillipede of Chiriscus austTalis^ Richardson. 

In Edotia^ Guorin-Men., Synidotea, Harger, Chiridotea^ Harger, and 
Macrochiridothea^ Oblin, there are three joints in the palp of the maxillipede; 
in Idotea, Fabricius, Erichsonella^ Benedict, Colidotea^ Richardson, Eusym- 
merus^ Richardson, Collinge, zxid Euidotea^ ('ollinge, four joints are 

present; whilst in Crabyzos^ Spence Bate, Mesidotea^ Richardson, Fentidotea^ 
Richardson, Fentias^ Richardson, Ze?iobiana, Stebbing, Glyptidotea^ Stebbing, 
Paridotea, Stebbing, Cleantiellaj Richardson, and Engidotea^ Barnard, there 
are five divisions in the palp. 

It ia very doubtful whether the structure of these parts indicates in any 
way the phylogeny of these Crustacea. In any attempt therefore to estimate 
the value of these appendages for purposes of classification due consideration 
should be paid to the segmentation of the metasome, aud also to any 
evidences of degeneration or special modification. 

It may be interesting to roughly classify the known genera according to 
the segmentation of the metasome aud the number of joints of the palp of 
the maxillipede. 

The primitive Idoteidse, in all pi^bability^ possessed a metasome composed 
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of five distinct segroents and a palp on the maxiilipedes having five j<nnt$. 
Snch a type is probably represented by ProHUAea, Baooviiza and Sev., 
althongh the maxiilipedes have not been seen of this extinct genus. MeniGtea, 
Richardson, would follow, atid then C/itndotea, Harger, where a segmmit 
of the metasome, has become fused, but a suture remains indicating it. 
Although undoubtedly related to the former genus, the palp of the maxillipede 
is composed of only three joints. The position of MacroeUridotkea, Ohliu, 
and Chiriicus, Richardson, is somewhat doubtful. 

In a second group we have Pentidotea, Zenaimnck, 6l}fptidoiea, ParideteOf 
PentiaSt Crtfbyzot, Cleantiella, and Engidotea, in all of which genera tite 
palp of the maxillipede possesses five joints. In ZtnMana there is often a 
metasome composed of five segments, and in all ijie remaining genera there 
are indicafiloos of four segments. 

In a third group must be placed Idotea^ CoUdotea, Eutgmmertis, Erich- 
sonella, Sgnuotng, and Euidotea, all with a four-jointed palp of the inaxilli- 
pede and one to four metasomatic segments. 

Finally, in a fourth group we have Edotia and Synidotea, each with a 
three>jointed palp of the maxillipede and a single metasomatic segment and 
one suture. The Table on p. 71 summarizes these and other structural 
features. 

Whilst there is fairly conclusive evidence to show that the genera of the 
first group are closely related to one another .(^. 19 & 10), I do not think 
that it is possible, in the present state of our knowledge, to state that a 
similar relationship is evident between the genera of the remaining groups. 

As I have elsewhere pointedr out (13 a), the classification of this interesting 
family of Isopoda is as yet very uncertain. The known genera and species 
in all probability constitute only a very small part of those actually existing. 

The distribution of the members of thi# family, which contains some two 
dozen genera, including about one hundred and twenty-five species, as at 
present known, is onrious. Miers (16) and the eaiRer writers all i^;arded 
them as having a wide distribution in all parts of tiie wmld. but bdng more 
abundant in temperate and colder seas than in the tropics. At that time the 
majority of species had bben obtained in Northern latitudes, but of recent 
yearn many‘new species have been obtain^ from the Mid and Southern 
Pacific, Indian Ocean, and Antarctic. Thus, Ohlin (16) has described two 
new, species of Macroehmdoihea and two of ^otia, and a new spooies of 
JEimhtmetta from Sotuth America; Chiftms X6)i ibe cnrious JdotM fttAva 
from pew 2Sealand; Miss Richardson*, a newspoci^ of Glyptenatm from 
tboAntorcUc; Barnard (1,8), three new specdes of Pmidetea and one of 
SyrndefeG from South Africa. ’'\More rocenSyt I have desocibed a aew 

* Bun.,Mu«. Paii^ l«»,>18!rv 
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spBciM o£ Synidotta from the Indian Ocean, and 1 have two new species o£ 
Crabygo$ from South Australia, in addition to a number of other forms from 
tropical localities not yet worked out. 

There is no reason to suppose tiiat the Sooth Pacific and Antarctic Regions 
are any poorer in genera and species than the North Pacific abd Arctic 
Regions, although but few have yet been obtained from the former regions. 
A careful study, now extending over some years, of the existing forms leads 
me to the conclusion that future investigations will undoubtedly tend to link 
together more closely the various genera of this family and the different 
fiimilies of the Valvifera. 

As at present known the members of this suborder may conveniently be 
placed in two groups, viz.;— 

i. Abtaoilukba, nov. 

Containing the families Astacillidm, Stebbing, Cbsetiliidse, Dana, 
and Amesopodidse, Stebbing. 

ii. Tdotbikea, nov. 

Containing the families Idoteidse, Fabricius, Pseudidotheidse, 
Ohlin, and Holognatliidse, G. M. Thonie<Hi. 



1st Maxilla. 

Maxilbpedf. 

Metasome. 


Rumber of 
Spines on 
Inner Lobe. 

Number of 
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5 
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8 
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4 

1 
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1 
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2 

2 
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I^ridotea, Stebbiitf . 

3 0^4 

6 

1 

3 

Olyptidoimif Stebbing. 

8 

6 

1 

3 

PentuUf lUehardson. 

3 

6 

1 i 


Crahyxo8f Spence Bate .... •. 

3 

5 

1 1 

2* 

Idoteay Fabricius. 

3 
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1 
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3 

4 

1 

3 

CbUdoieaf Richardson... 

4 
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1 
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4 
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* The second suture is veiy small la some species, scarcely visible on the dorsal vide. 
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IV. Synoptio Table of the Gkkeba dealt with. 

A. Ooxal plates distinct on the 3 posterior segments of the 

mesosome. 

0 . Lateral margins of the cephalon entire* %ee dorsally 
situated. 

A Flagellum of autennm single-jointed. 

c. Metasome composed of 3 segments. 

d. Maxillipedes with a S-jointed palp . Bicbardson. 

B. Coxal plates distinctly separated on 2nd to 7th segments of the 

mesosome. • 

0 . Lateral margins of the cephalon cleft. Eyes dorsally 
situated. 

A Flagellum of antennas multiarriculate. 

V, Metasome composed of 4 segments and I pair of 
sutures. 

d. Maxillipedes with a 3-jointed palp . Chiridvtea^ Harger. 

d. Metasome composed of 5 segments. 

cf. Maxillipedes with a 6-jointed palp. Me»idotea^ Richardson. 

a\ Lateral margins of the cephalon entire. Eyes situated 
dorso-laterally. 

t'\ Metasome composed of 3 segments and 1 pair of 


sutures ... PeTUidoteOf ilichardsou. 

c'"'. Metasome composed of a single segment and 3 pairs 

of sutures ... Gly^idijteay Stubbing. 

Faridotettj Stebbing. 


Metasome composed of 3 segments and 1 pair of 
sutures. 

cf'. Maxillipedes with a 4-jointed palp.............. Idmha, Fabricius. 

Metasome composed of a single segment and 3 pairs 

of sutures . . .^..... EuidaUa^ Colliuge. 

b\ Flagellum of antennie single-jointed. 

d". Metasome composed of a single segmeiiU .. EHvktomlla^ Ueuedict. 

C. Coxal plates not distinct on any meeosomatic segments. * 

0 . Lateral margins of the cephalon entire. |!yes sittiati^d 
dorso-laterally. 

h. Flagellum of antenme rudimentary. 

e. Metasome composed of a single s^j^ment and I pair of 
sutures. 

d. Maxillipedes with a d-jointed palp «... ..w....... Ed^tia^ Gu^n-Mdn. 

b\ Flagellum of antennm multiarticulale.' 

c\ Metasome composed of a sin^e segment and 1 patr^iof 
^ sutures ..... .....w.i., Barger, 
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V. List of Genera ano Species Examined 
Stmmius, JUcharcUon. 

1. Syhhids oaudatus, liic/iardson. 

Sjftnmius eaudatiu, Bicliat-dson, I’roc. U.S. Nat. Mus. vol. xxvii. (1904) p. 39, 
tigs. 11-15. 

This interesting species was described by Bicbardson in 1904, from specir 
mens obtained from Japan. The only reference to the oial appendages is in 
the generic diagnosis, where it i.s stated “ Maxillipedes with a three-jointed 
pip.” 

I have previously stated (10) that I question the accuracy of the figures 
given of this apjtendage (o/). cit, p. 41, figs. \Zn & b). In these two 
figures Miss Richardson shows a 3-jointed palp ; the basipodite, epipodite, 
and inner distal lobe united ; and a very curious form of coxopodite, in all 
of which characters it is totally unlike the condition obtiiining in any other 
genus of the family. 

In the single specimen of this species in my collection, the oral appendages 
had been removed before it came into my possession. I am unable, therefore, 
to give a description or figures of either the first maxilla or the maxillipede. 


Chihiuotba, Harder. 

2. Chihidotea casca (Say). (PI. 7. fig. 1.) 

Idotea aeca, Say, Joum. Acad. Nat. Sci. l‘hilad. vol. i. (1818) p. 424; Milne-Edwarda 
Hist. Nat. des Crust, vol. iii. (1840) p. 131; llarger & Verrill, Kept. U.S. Comiu's! 
Fish & Fisheries, 1873, pt. i. p. £69, pi. £, ti;;. 22. 

Chiridotea eami, llarger, Amer. Jouni. Sci. vol. xv. (1878; p. 374; llept. U.S. Cuuiuis. 
F. & F. 1880, pt. VI. p. 338, pi. 4. tigs. 16-19. 

Gtyptonotut ctecut, Miers, Juurn. Linn, Soc., Zool. vol. .\vi. (1881) p. 17. 

Chiridotea ceeca, Bicbardson, Bull. No. 64, U.S. Nat. Mus. 1900, p. S63, Hgs. 880, .‘{81. 

The Maxillipede (PI. 7. tig. 1).—Both Hargerand Richardson have figured 
the maxillipede of this species, but neither describes it. In both instauces 
the figures are incorrect. 

This appendage in the genus Chindotea is characterized by the short wide 
epipodite, small basipodite, and a three-jointed palp, the second joint of which 
is unusually long. 

In this species the whole appendage is extremely short. The coxopodite 
has the usual two joints of which the outermost is the larger. The basipodite 
is very small, liaving a straight inner margin and the outer one slightly 
expanded. Both the anterior and the posterior margin slope outwardly, but 
not to the extent shown in Harger’s figure. The three-jointed palp is rather 
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more than two and a half times tlie len^h of the basipodite: the first joiat 
is small, the second very lon|;, and the third smaller and more or less oval. 
Setse spinous. The inner distal lobe extends forward as far as the middle 
of the second joint of the palp and has the nsual setose and plain spines 
terminally. The epipodite is somewhat cone-shaped, very short, wider than 
the basipodite, and has its posterior margin excavate. 

3 . ChIBIDOTEA TtTETSIl (SHmpton) . (PI. 7 . fig. 2 .) 

IdoUa Stisipson, Smithacuian Coutrib. to Knowledge, vol. vi. (1869) p. 89; 

Harger St Vertill, Bept. U.S. Conims. F. St F. 1878, pt. i. pp. 840 St 660. 

ChmdotM tufttUy llaq>er, Amer. Joura. Sd. vol. xv. (1878) p. 374; Kept. U.S. Comnis. 

F. & F. 1880, pt. vt. p. 840, pi. 4. tigs. 20-28. 

0ljfpUin«tM Miers, Joura. Linn. Soc,, ZooL voL xn. (1881) p. 18. 

CkmiMea ttt/Uii, Riohardsim, Ball. No. 64, U.S. Nat. Mus. 1906, p. 864, 6gs. 882,888. 

2 he Maxillipede (PI. 7. fig. 2).—^Xhe single specimen 1 have examined 
does not at all agree with either Harger’s or Richardson’s figures. I have 
no reason to doubt the identification of the spedes which was obtained at 
Gape Cod Bay, U.S.A., in 1879. A reference to the figure shows that in 
this specimen, whilst preserving most of the characters typical of Chiridotea, 
there are four joints in the palp. 


Mesiootea, Itiehardeon. 

4. Mesidotea sABXMi (KrOper). (PI. 7. figs. 3-5.) 

IdtOea tabmi, Kriiyer, Nat. Tidsdir. vol. ii. (1846-49) (s. S) p. 401; 6. O. Sub, Aicli. 
f. Math, og Natorvidensk. vol. ii. (1877) p. 860. 

eabmi, Miers, Joura. I4na. Soc.,, Zool. voL xvi (1881) p. ,^16, pi. 1. 
figs. 8-6; Richardson, Proe. IJ.S. Nat Mus. vd. xxi. (18W) p. 8M. 

Chmdolea tahini, Stehbing, Ann. & Mag. Nat. Hist (s. 7) vol. iv. (1899)p. 208. 

HetiSotea eatmi, Richardson, Bull. No. 64, U.S. Nat. Mus. 1906, p. 850, Igs. 877-879. 

Kroyer figures both of the maxillae and the maxUHpedes, the former, how¬ 
ever, bear little or no resemblance to the actual forlu. In the first wiaviHa 
he shows an outer lobe with eight S{nne8 and an inner one with four, whilst 
in the second maxilla the two outer lobes are shown with fonr spines on eadi 
and a sedes of blnntly ending ones on the ^er lobe. The inaxillipede in 
his lower figure is fairly correct, but wrcsg in &e upper one. 

I%e Mrtt MstmUa (PI. 7> fig. 3).—The outer lobe terminates in eleven 
spines, post srhioh are stout, and there are 'nnaierens setm on the oater 
the lobe, which extend downwards for some distance. The inner 
lobe terminates in two long setnl^ spines and a small carved setule on the 
01 ^ ventral border. ' ' '. 

IV S*ee»d MaieiUa (PI. 7* fig, 4).—two oater lobes torrainate in six 
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and seven long spines respectively, most of these are serrated; the inner¬ 
most lobe has sixteen to twenty setose spines, varying in size, the lust one 
on the inner margin being the longest. 

The Maxillipede (PI. 7. fig. 5).—In this species this appemlage is com¬ 
paratively small, bat of a very robust type and having its margins densely 
fringed with setse and spines. The inner division of the coxopodite is small, 
almost cuboid. The basipodiie is also very small, measuring only about half 
the length of the palp. Its anterior and posterior margins are obliquely cut 
away, sloping towards the outer margin; the inner margin is fringed with 
fine, closely-set setse. The five-jointed palp has the first joint rather larger 
than in most species, the second joint is comparatively small, the third the 
largest and with a lobe-like extension on the inner side, the fonrtb joint is 
longer than the third, but much narrower, whilst terminally there is a small 
fifth joint. All the joints are fringed with setse, which are extra long on the 
fifth joint. The inner distal lobe extends to the anterior border of the second 
joint of the palp and is fringed with setose spines terminally. The epipodite 
is almost circular and extends as far ns the middle of the second joint of the« 
palp. It is fringed with short, closely-set setse. 


Pentiootba, Michardfon. 

5. Pbntidotea besbcata {Stimpton). (PI. 7. figs. 6, 7.) 

Zdotsa reteeata, Stimpson, Boat. Journ. Kat. Hist, vol, vi. (1867) p. 604, pi. 22. fig. 7; 

Miers, Joum. Linn. Soc., Zool. vol. xvi. (1881) p. 46. 

PaUidoUa reieeata, Richaidson, Bull. No. 64, U.S. Nat. Mas. 1906, p. 309, figs. 400, 401. 

The liret Mamlla (PI. 7. fig. 6).—^This api)endage in this species has not 
previously been figured or described. The outer lobe terminates in twelve 
spines,the innermost five of which are denticulate; there is a long fine spine 
about the middle and then six stout curved spines on the outer side. The 
inner lobe terminates in three long setose spines and a setule on the outer 
anterior margin. 

The Masnllipede (PI. 7. fig. 7).—^This appendage is greatly elongated in 
this genus and characterized by the large epipodite. Miss Richardson has 
given a figure of the maxillipede, but it is inaccurate in detail. The basi- 
podite is narrow and greatly elongated and has straight inner, outer, and 
posterior margins. It is longer than the palp,, which is five-jointed, the 
terminal joint being quite small. The inner distal lobe is narrow land 
the spines on its terminal margin setose. The epipodite is a large, elon¬ 
gated, wide plate extending forward as far as the middle of tlie third joint 
of the palp. It is slightly narrower anteriorly than posteriorly, bat wider 
throni^nt than the basipodite. 
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6. Pbntidotba wosNBBENSBai (Brandt). (PL 7. figs* 8» 9.) 

Idotea womeiendeii, Brandt, in Middendorffa SiUriache Raise, toI. ii. (1861) Crust, 
p. 146. 

Idotea Mrtipet, Dana, U.S. Expl. Exped. rol. xiv. (n.>.(186S) p. 704, pi. 46. fig. 6. 

Idotea oregonetmt, Dana, Proc. Acad. Nat. Sci. Philad. vol. vii. (1864) p. 176. 

Idotea media, Dana, ibid. (1867) p. 176. 

Idotea womeeentlM, Miets, Joum. Linn. Soc., Zool. vol. xvi. (1881) p. ^ j Riobardson, 
Proc. U.S. Nat. Mus. voL xxi. (1899) p. 846. 

‘Pentidotea womumekU, Richardson, Dull. No. 64, U.S. Nat. Mus. 1906, p. 870, 
figs. m-iUd. 

Tlie First Maxilla (PI. 7. fig. 8).—The outer lobe terminates in twelve 
stout curved spines, the outeriuost five l>eing rather stronger than the 
remaining ones; none o£ them are denticnlate. The inner lobe narrows 
considerably at its distal end and bears three slender setose spines. 

The Maxillipede (PI. 7. fig* 9).—Miss Richardson has given a figure of 
the maxillipede, but I find many points of difference. The basipodite is 
elongated and somewhat shield-sliaped, being produced untoriorly at each 
side of the first joint of the palp and narrowed posterioi-ly on both the inner 
and outer margins. It is rather shorter than the length of the palp. All 
the five joints of the palp are large, the first and fifth being the smallest, the 
second and third are produced at their anterior margins, the latter more so 
than the former. The inner distal lobe is wide and surmounted by numerous 
setose and plain spines. The epipodite is a large wide plate, extending 
forward as far as the commencement of the third joint of the palp. It 
narrows a little toward the anterior or apical end and is wider than the 
basipodite. 

7. Pentidotba whitki (Stimpson). (P1^7. figs. 10, 11.) ^ 

whitei, Stimpson, Proc. Acad. Nat. Sci. Fhiiad. (1864) p. l66; Miers, Journ. 
Linn. Soc., ZooL vol. xvi. (1881) p. 4S. 

FenUdotea whitei, Richardson, Bull. No. 64, U.S. Nat. Mu*. 1906, p.873, figs. 406,406. 

The J'irst Maxilla (PI. 7. fig. 10). —The outer , lobe has twelve terminal 
spines, the outermost five being stout and curved, the sixth is straighter and 
more slender, and all the remaining ones, excepting the iuneriuost, have each 
four or five Unnt tooth«like processes. -Oh the ventral surface there is a 
large setule set in a.cup-shaped articular cavity. There are a few setm on 
the outer margin. The inner lobe more cloi|4y resembles that of F. reseeata 
p. wotnesenskii, being wide at its distal end.' It has three setose spines, 
and a short strong setule on its inner anterior marg^. 

The MamUl^de (PL 7» fig* l|.).--Thk appendage roserahles somewhat that 
debcribed in F. tWMsmssnidm, '%hoagh ,h^ and generally more robust. 
yiiM mohar<ibon's figure does not iSww divisions of the ooxt^pudifes or 
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those between the basipodite and the inner distal lobe, and the shape of the 
former is scarcely correct. 

Tlie basipodite is rattier shorter and wider than in P. wosnesenskii and as 
wide as the greatest transverse dimension of the epipodite. The live>joiut<Mj 
palp is considerably longer than the basipodite and all the joints wider and 
longer than in the preceding species, the fifth joint is comparatively mnch 
larger than in either of the two species of this genns described above. The 
inner distal lobe is slightly narrower than in P. wosnesend'H, but otherwise 
very similar. The opipodit;> is a large flat, elongated plate, narrowing some¬ 
what towards its apical margin, and extending forward to almost the middle 
of the third joint of tlio palp. 


(tLVPTIDOTEA, Stehlnng. 

8. Glvptidotea liohtbnstbini (Kraitss). (PI. 7. figs. 12, 13.) 

Idotea lie/Uetuteitti, Kraus.<), Siidafrik. Crust. 1843, p. pi. i\. iig. 4; Miers, Joum. 

Liun. Boc., Zool. vol. .\vi. (1881) p. 84. 

(Hyptidotea lieht»isteim, Slebbinpr, Sth. Afr. Crust, pt. ii. Itl02, p. 57, pi. 10. 

Stebbing w'as the first to describe and figure the oral appendages, he 
states ; “ First maxillfc.-;—The outer plate is surmounted by eleven curved 
spines, the outermost but one being the strongest, the innermost six slender, 
forming two sets, each consisting of three graduated spines. The inner plate 
has three plumose set* on the narrow apex. . . . Maxillipedes.—The inner 
margin of the first joint forms a rounded process beset with plumose set® ; 
its external part forms a broad base for the large distally narrowed epipod. 
The second joint is elongate, its apical process, distal!}' fringed with setse, 
reaches beyond the second joint of the palp and somewhat above its base has 
a strong spine-hook, nearly at the level reached by the apex of the epipod. 
The first joint of the palp is small, the second widened cup-like, with the 
inner margin much longer than the outer, the third joint similar but larger, 
and with less difference between the two margins ; the fourth joint is much 
the longest, oval, but with truncate apex, on which is placed the small, but 
very distinct, oval fifth joint, this like the three preceding joints having set® 
on the inner margin.” 

With many other writers Mr. Stebbing does not distinguish between the 
two divisions of the coxopodite, and the inner distal lobe, which is distinct 
from the basipodite. * 

ITte First Masnlla (PI. 7. fig. 12).—In all the specimens I have examined 
1 find twelve terminal spines on the outer lol>e and a large setule, set in a 
cu{>-sha{)ed cavity, on the ventral side; further, on the inner lobe, in addition 
to th« three setose spines, there are two settles. 
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2lu Ma.nflip«de (PI. 7, fig. 13).’— 'This appsoduge in this speoiss shows • 
strong resemblanoe to iho oondition obtaining in the genns Pmttdotso, only 
it is less robust and considerably narrower. The divisions o{ the ooxopodite 
are large and slightly overlap one another. The basipodite is narrow and 
elongated, with a straight inncNr nwrgin and narrowest ahont ito middle. 
Ihe posterior margin slopes upwards and outwards. The five>jointed palp 
presents all the oharacteristio features seen in JPfntidittea, and is half ajgpiin 
as long as the basipodite. The inner distal lobe reaobes almost to the end Of 
the extended inner margin of the third lobe of the palp. There are a number 
of setose and plain spines distally of a rather more robust type than in PenH- 
dotea. The epipodite proximally is wider than the basipodite, but its distal 
third narrows connderably, becoming bluntly pointed at its apical margin. 
It extends forward as iar as the anterior outer margin of the second joint of 
the palp. 

It is somewhat doubtful whether or not this Spedes is entitled to separate 
generic rank or whether it is not synonymous with Paridt^ea, Stabbing. In 
both genera the palp of the maxillipedes consists of five joints, and the meta- 
some is composed of a ungle segment and three pairs of sutures. The most 
striking difference between the two genera is seen, perhaps, in the form of the 
oephalon. 

loOTBA, PaMatu, 

$. Idotba BBonuBEA, LocMngtm. (H. 7. figs. 14,15.) 

ntiXlmea, Loridngtaii, Ptoo. Osl. Asad. Sri. Vol, vii. (1S77) p. 80; BicbiurdBon, 
Prae. U.S. Nat Mua vol. axil <1800) p. 181, fif. 8 c; Bsdl. No. 84, U.S. Nat Mus. 
1906, p. 800^ figs. 88f>-'891. 

The MdtrUla (PI. 7. fig. 14).—has not’ previously 
been deseribed or figured in Uns species. The outer lube terminates in 
twelve strong curved spines, of which three or four at the inner side are 
deuthmlate. The inner lobe has three setoSB s|dnaB arid a small eurved setnle 
on the ventral outer margin; there are nnqMreua long fine mim on the inner 

2%6 MuaiU^edt (JPl. 7. fig. Ifi).—MBsS AiohardsMi i^lraa a figure of tibia 
appendage in wfaieh the enxc^odite is shoupi aa a single j^eoe and the general 
idmpo $a aoaroely eenreotl 

^ oflumpodite oenriste of two large Btont nodnlaii, one lying nt the hnae 
of the epj^podite and the o^ at the W) dt the IMpodfte. In all dl the 
speehnena etasedned thmm had the hm tihotm in fig. IS. 

Ttie agitwrier iMtiginof tba ^p««hte ^prodnned sliiMly an aaefa sideof 
fi||tfiMi|flii«t«fths{Mlp. |limt^4«d^*ai4peaterior marina aiwalh^ 
W pate fabomiMed trHtih tim fihN is vatiher 

W MtMK The hmev han m ittai|ht smthdur 
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margfai, it liopes ontmrdlj, becotaiog widii at tbe bue. Tbere are a number 
ef eetose ipines on the anterior margin. Tbe epipodite is eligbtly^ narrosrer 
than the basipodite. It extends forward slightly beyond tbe anterior enter 
margin of tbe second joint of tilie palp and becomes a little narrower tonwrds 
its apioal margin. 

10. InOTBA PBOSPHOBXA, Horgtr. (PI. 7. figs. 16-18; PI. 8. figs. 19-23.) 

Jdotta fho^ihona, Harger with Vemll, Rept U.S. Comma. F. St F. 1878, pt. x. 
p. 609; Hazgw, ibid. 1880, pt. n. p. 847, ]d. 6. figs. 27-29. 

lioUa marwM, \vt. pMij^iorea, Mien, Joum. l^m. Soc., ZooL toL xti. (1881) p. 81. 

Idetheapkt^kona, RiehaidaoD, Bull. U.S. Nat. Mua. 1905, p. 867, figs. 898,309. 

Considerable difference of opinion exists amongst carcinologists as to the 
iqtecifio identity of this species. It was described by Harger in 1873, and in 
1880 .be gave figures of the animal, the antenna, the maxiUipede, the first 
two walking limbs, the second metasomatic appendage, and the nropod. The 
original description is as follows:— 

‘*Tbe head is narrowed behind. The eyes are of moderate eiee. The 
flagellnm of the antennae is shorter than the peduncle, and consists of abont 
ten to fourteen segments. The maxillipeds have the external lamella broader 
' than in tbe preceding species [/. baltieo], with its inner margin straight and 
its outer margin curving pretty regularly to a slightly attenuated tip. 

“The epimera of the second, third,and fourth pairs are rounded behind, 
and those of the last three pairs are less acute than in I. haltiea *. 

“ Pleon ovate, a little constricted near the middle and pointed, its three 
proximal segments rather loss acute than in the preceding species. Tbe 
basal plate of the operculum tapers towards the end, and the terminal plate 
is triangular, a little longer than broad. The stylet on the second pair of 
pleopods in tbe male is slender, nearly straight, surpasses the lamella to 
which it is attached, and is obliquely truncate. 

“ Length 25 mm.; breadth 7 mm.” 

Miens reguded this species as a variety of I. halUea (Pallas), and remarks: 
“There appears to be no sufficient reason to distinguish IdUea granulosa of 
Itathke .... from the American 1. phosphorea."’ 

Whilst J. phosphoirea is no doubt closely related to I. gramdosa, fiathke, 
which Ts now regarded as a vdid species, I am of opinion that there are 
sufiksent weU-defined stmotural characters which clearly separate it from 
this latter species. Of these, the most important are,, tbe form ff tbe 
m^halon, the coxal {dates meaoscme, and the form of^'Mie metasome, 
In.adffition, tiie antennides, antenns^ the first maxills^ and the ntaxiH^* 

, pedes atei exhibit dilEerences, finally, ui alt the epeeimratfaif Lgrmmbm 
thflt I'ltive pSmiiBSaiiA d«^ shrlade d tiie bodjr never ^ews tubeitdes.; 
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it is either finely granulated or almost smooth^ whereas in all the specimens 
of 1. pliosphorea that T have seen there are large lateral and median tubercles. 
Harger states “the body, espoeinlly of the young, is rough and tuberculnr 
along the median line and often, aKo, laterally. Older specimens are much 
smoother, losing their laigo median tuhercles but never becoming as smooth 
as in ” /. /faith a. I have ^een no examples measuring moie than 22 mm. in 
length, and in all of these both the lateral and median tubercles are quite 
prominent. 

A eompaiison of S irs*«» figures (22, pi. 34. fig. 1) or tho'^e given by myself 
(12 a, pi. 5. figs. 48-38) of /. r/ramdosay with those given by Harger (18, pi. 5. 
figs. 27-29) ot 7. photiphormy at once show the difference in the form of the 
terminal segment of the metasome, the coxal plates of the mesosonie, &e. 

In the foim of the cephalon (PI. 8 . fig. 16) tho differences from 7. pranu» 
losa are very inaiked, and arc at once apparent in the width and the deep 
trans\er8e groove, anterior to the posteiior margin. The eyes are larger and 
situated more anieiiorlj, \\hil«»t the lateral margin^ posterior to the eyes 
curve inwards. 

The antennule (PL 8 . fig. 17) is shorter and more robust in this species 
than in 7. ffranulomy as also the antenna (fig. 18). 

In 7. ffrattulosa I have described (12 a) the coxal plates of the mesosome as 
occupying the antoiior two-thirds of the lateral margin of the second seg¬ 
ment, tho third rather more, and the temainder the whole of the lateral 
maigins, increasing in biendth trorn the fourth to the seventh segments. 
Sars (22) speaks of them as being comparatively sinall.^^ 

In /. phosplufreuy whilst occupying approximately the same proportion of 
each segment, they are slightlj wider, the external margin being more 
expanded, so that tho^e of the second, third, and fourth segments are 
loughly triangular, the apex of the^tiiangle being rounded. Those on tbe 
fifth, sixth, and seventh segments have a sloping margin from the anterior to 
the posterior angle, whereas in 7. prantdoia the margins are almost truncate. 

Harger (18) lemaiks that young specimens resemble the young of 7. irr(h> 
rata (s= baltica), but that they can be distinguished by the coxal plates of the 
second and third mesosomatic segments, which do not occupy the whole of 
the posterior border of the segment. I have compared examples of J. pho$^ 
pliorea of from 10 to 15 mm, in length wUh similar sked specimens of 
/« baltimj but I must confess that 1 fail io note any resemblance between the 
two, the general shape and coloration at once serving to separate thenu 

Altiiottgb Merger examined large numbersi: of specimens from twenty 
different localities, ranging from the Kew England const northwards to 
Halifax, l^^ova Scotia, and^tbe Gulf of 8t. Lawrence, and southw^ards as far 
as Oape Ood, he never observed a striped pattern of coloration, so common 
in J, bMmy Mritb whhdi species it was fonod fissooiated^ the oolonr being 
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iisoally dark greeo or brownish, with patches of yellow or whitish, trans¬ 
versely or obliquely arranged. 

The JFirtt Maxilla (PI. 8. fig. 19) has the outer lobe strongly curved in¬ 
wards. There are eleven spines and a fine setule on the ventral surface. 
Four or five of the innermost spines are denticulate. The inner lobe is 
fairly large and has three stout setose spines terminally and a setule on the 
anterior outer margin. 

The Maxillipede (PI. 8. fig. 20).—Of the two figures given by Harger and 
Richardson of this appendage, that of the former is the better, although both 
differ considerably from the condition noted in the specimens f have ex¬ 
amined. The coxopodite has the two usual divisions. The basipodite is 
elongated and narrower than the epipodite. The four-jointed palp is halt 
again as long as the basipodite, the first and third joints are small, whilst the 
second is longer and greatly expanded at the anterior margin on the outer 
side. The inner distal lobe extends forward almost to the end of the third 
joint of the palp, terminally it is surmounted witli a number of setose and 
plain spines. The epijiodite is shown by Harger with an almost straight 
inner margin and a narrow, bluntly pointed apical portion lying beneath 
the third joint of the palp. In all the specimens I have examined, 
both the inner and outer margins are carved outwards, and with the 
apical portion slightly narrower and not extending beyond the second joint 
of the palp. 

The metasome (PI. 8. fig. 22) is composed of two short joints, a single 
suture, and the large terminal segment. This latter is more triangular 
than in I. granulosa, rather shorter, and shows a faint constriction about its 
middle, then widening slightly, it terminates somewhat abruptly in a sharp 
point. 

The uropod (PI. 8. fig. 23) is characterized by the triangular-shaped endo- 
podite, which is rather longer than wide. 


Paridotea, Steblnng. 

11. Pabipotba ukoulata {Pallas). (Pl. 8. figs. 24, 25.) 

Omseus tmgulatus, Pallas, SjAcil. Zool. vol. iz. (1772) p. 62, pl. 4. fig. 11. 

Idetea ungulata, Lamarck, Hist. Aaim. sans Vert. vol. v. (1818) p. 160. 

Jdotea kUandii, Miloe-Edwards, Hist. Nat Clrust. voL iii. (1840) p. 1^, pL 81. fig. 7; 
Kxanss, Sudafrik. Onut 1848, p. 61. 

Uetstt esflnis, Milne-Edwatds, EBet. Nat Crust vol, iii. (1840) p. 188; Krauss, SUdafHk. 
Orust 1848, p. 01. 

Tdeiea sAeardn't Gudriii-Mdaeville, Icod. Ktgne ADim. 1829-44, Orust p. 88. 

Idotea nUae, i&Uer, Verhand). ao(^-bot Ges. Wien, 1861, p. 4OT. 

P Jdetea ftraesoto, l^well, ^we. Utin. Soe. N.S.W. voL vi. (1882) p. 2. 

. PNN, douiiMr^zoonoav, vot. XExiv^ 
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IMm MyiiMa, Mien, Joam. Linn. Soc., ZooL vol. xri. <1661) p. 62; Oiilton, Xnai. 

New Zealand Inst. toI. zzii. (1890) p. 196. 

FarHUta mgulata, Stebbing, 8th. Afr. Cruet. 1900, pt. i. p. 68. 

The only two references to the oral appendages of this species are a figure 
of the mandible and the maxillipedes given by Milne>£dwards, and a short 
deseription of all the appendages by Stebbing. In this latter acoonnt die 
author remarks: “ The first maxillm have six strongly plumose setsa on the 
narrow inner plate, and ten short apical spines on the outer.*' In the 
description of the maxillipede the palp is spoken of as consisting of fewr 
joints. As will be seen from the following description and accompanying 
figures, I find many differences from Mr. Stebbing’s account. 

The’ First Maxilla (PI. 8. fig. 24).—This appendage is very large in this 
species. The outer lobe has five stout curved spines on the outer side, then a 
thin fine curved one and a farther six, not so strong as those on the outer 
aide } tiiere is also a long setule, set in a cup-shaped cavity, on the ventral 
surface. The inner lobe is wide and has four stout setose spines terminally, 
and a small setule on the middle of the ventral surface close to the anterior 
margin. In none of the nine specimens examined was any variation in the 
number of spines obsorved. 

The MaxUlipede (PI. 8. fig. 25).—This appendage is considerably elongated 
in this genus. The two divisions of the coxopodite are small, as also the basi- 
podite, which posteriorly tenninates in a blunt point, with a straight outer 
margin; anteriorly it fianks the first joint of the palp on both sides; ^ 
outer margin gradually carves inwards towards the posterior end. The palp 
is nearly twice the length of the bafipodite. The first joint is small, the 
second more elongated and slightly expanded late»By, the third joint is still 
longer and more expanded laterally particularly the inner side, the fourth 
joint is the longest, and this and the smallihr terminal joint are bolh densely 
setose on their inner margins. There are also A few set® on the inner margin 
tile third and second joints. The inner distal lobe extends forward as far 
‘ as the middle of the third joint of the pidp. It has an outwardly sloping 
anterior nurgin from which arise a number of setose spines; there are three 
ooapliBg<diooks towards the base of the inner margin. The epipodite pos¬ 
teriorly is wider than the basipodite, narrowing anteriorly, and then sloping 
inwardly its apical portion terminates in a. blunt point. It extends forward 
to aboOEt ^e middle of the third joint of tiie.palp. 

PabiootBA DBOULArA {PaUof) var. nov.^ATAovuudia, 

Whole of the body a very dark olivergreeiil, Idmost black. Xiengtb 
40inDi.^ • ' 

iSloA Sbora-poiDli, Bri]^tonv">?iotoM^ AwtrikU^ Dee. 18, 1893 (j*. 
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12. Pabidotea BBTIC0LATA, Barnard. (PI. 8. figs. 26, 27.) 

JParidotea reHadata, Barnard, Ann. Sth. Afr. Mtu. toI, x. (1914) p. 424, pL 86 d. 

Barnard, in describing this beantifnl species, states: “The moQtb<-psrts 
resemble those o( P. ungulata, except that the lateral margins of the epistome 
are angular, not erenly convex, and the inner lobe of the first maxilla has 
only three plumose setse.^’ 

The Firtt Maxilla (PI. 8. fig. 26).—The outer lobe terminates in twelve 
spines, three or four of the innermost being denticulate. The inner lobe is 
narrower than in P. un^ulata and has only three terminal setose spines and 
a single setule on the anterior outer margin. 

The Maxillipede (PI. 8. fig. 27).—WhiLA bearing a strong resemblance to 
the maxillipede of P. ungulata, this appendage in P. reticulata is rather morC 
robust and setose. The basipodite is wider on its posterior margin and 
more obliquely cut away anteriorly. The second joint of the palp is smaller 
than in P. ungulata and the third longer and wider. The epipodite is about 
the same width as the basipodite, but narrows considerably towards its apical 
end. The whole appendage is densely setose, and there are a series of strong 
spines on the outer expanded margin of the third joint of the palp. 


13. Pabidotea bdbba, Barnard. (PI. 8. figs. 28, 29.) 

Puridatta rubra, Barnard, .inn. Sth. Afr. Mus. vol. x. (1914) p. 426, p], 37 a. 

The month-parts of this species have not hitherto been figured. Barnard's 
description is brief—he states : “ First maxilla, outer plate with ten spines, 
the two innermost denticulate, inner plate with three plumose setse.. . . 
Maxillipede seven-jointed, epipod reaching to the end of the fourth joint, 
apex incurved.” 

Ihe First Maxilla (PI. 8. fig. 28).—The outer lobe terminates in ten spines, 
the outermost one is smaller than the second one, and the two innermost are 
faintly denticulate ; the inner lobe is narrow and bus three setose spines and 
a prominent setule. 

The Maxillipede (PI. 8. fig. 29).—The two divisions of the coxopodite are 
small. The basipodite is narrow and elongated, with both inner and outer 
margins almost straight, the posterior margin is obliquely cut away towards 
the epipodite, anteriorly the segment fianks the first joint of the palp on W b 
ttdes. The five-jointed palp is typical of the genus. The inner-distal lobe 
is rather longer than in the preceding species. The epipodite is slightly 
narrower than the basipodite, excepting at its base; it is curved inwards 
anteriorly and extends as far as the middle of the third joint of tlie palp, not 
tn the end of the fourth joint as stated by Barnard. 
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14. Paridotea FuoiooiiA, Barnard. (FI. 8. figs. 30, 31.) 

ParithttaJMeebi, Barnard, Ann. Sth. Afr. Mas. toL z. <1914) p. 437, pL 86 *. 

Barnard has figured the maxillipede, but not altogether satis&ctorily. 

The Firet MasnUa (PI. 8. fig. 30).—This appendage differs from tibai in 
P. rubra in having more denticulate spines on the outer lobe and in the- 
presence of alongsetnle on the inner ventral surface. It is also densely 
setose on both the inner and the outer margins, the setse on the inner margin 
being strong and spine-like. The inner lobe differs only in tile petition of 
the setule, which in this species is smaller and situated on the outer anterior 
margin. 

27is Massilliptde (PL 8. fig. 31).—Excepting that it is much smaller and 
not so elongated, the maxillipede is very like that of P. rubroi 

EainoTBA, gen. nov. 

Body narrow-oblong, not keeled, and nearly smooth. Oephalon anteriorly 
emarginate, lateral lobes somewhat prominent. Maxillipedes with a palp 
composed of four joints. Coxal plates narrow, in the second, third, and 
fourth mesosomatio segments they occupy a little more than.half of the 
lateral margins, in the fifth they occupy almost the whole of the lateral 
margins, and in the sixth and seventh segments extend from the anterior to 
the posterior angle. Metasome composed of a single segmept and three 
lateral sutures. 

15. EinDOTBA PEBOKn {MUra-Edtoardt). (PI. 8. figs. 32, 33.) 

IdotM peromi, lOlns-Edwards, Hiat. 17at Ormt. vd. (1640) p. 183; Mkra, Joan, 
linn. Soc., Zool. voL zvi. (IMl) p. 65; Ghilton, T^tsas. New ZealsiMl Inst. vci. zziL 
(1880) p. 199. 

IMta dutimOa, tiuSrin-MSneville, Icon. BSgne Anin. 16S9-4<L Crust, p. 83. 

IdeUa stn'cto, Dsns, U.S. EzpL Ezped. 18{% Cknsk IL p. 704, 4& %. 7; Misn, 

Joum. Liim. Soo., ZooL vci. zvi (1681) p..02. , 

Ueiea eaudaeula, Haswell, Pwe. Linn. So& If.|3iW. vot vi. (l|l^ p. 1, pL 4. 4. 

ParideteaperouHf BtebU^, Jkiui. Sib. Afr. Mas, vtdj vL (1010) p. 438. 

This species was placed by StebluQg (H, p. 483) in the genus Farid^ea, 
but an examination of the oral appmidages at once shown that it cannot 
renmin there, neither can it be placed' .ip. the. Mtdea^ Fabr.; I have, 
^erdlore^ proposed for its reoeption the B^M^genns 

Ih» Ftnt Mamfla (Pi. 8. fig. ,32).—ll» \,oater tenninates in twtive 

stout wpjm, free of any dentionlatioit, ai^ .a t||ht|^|fiite ffme; the inner lobe 
bat thiM seibw spines, and three tiituleii ep i^ ventral sarfack. 

The ModnU^^tede {H« 8. are tiro, somewhat large divishms 

'of the «ex<^podite., Mm .iMhij^te''4s'ili^!rf; hut on its' imiw side ex- 
'hmds wuae Uctie 'dlsttpee, iolnl:«ff' tim piti^, It'le ihenl' 
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the same width as the epipodite and shorter than the pa]p« The foiir*jointed 
palp has the first joint small, the second joint longer than the third though 
not so expanded laterally, and the fourth joint eonsiderably larger and oval 
in shape. The inner distal lobe is elongated, extending almost to the end of 
the third joint of the palp; terminally it has some strongly developed plain 
spines and a number of setose ones. The epipodite extends just beyond the 
anterior margin of the second joint of the palp. 


Erichsonella, Benedict. 

16. Erichsonella attbkuata (Ilarger). (PI. 8. fig. 34 ; PI. 9. fig. 35.) 

Encheoma aitenuafa^ Harger with VerriU, Hpt, U.S. Comma. F. k F. 1873, pt. x. p. 370, 
pL 6. fig. 27; Harger, ibid. 1880, pt. vi. p. 356, pis. 6, 7. figs. 36, 37. 

ErkhetmeUa aitentiata, Itichardsou, Bull. No. 54, U.S. Nat. Mus. 1906, p. 400, figs. 447, 
448. 

The First Manilla (PL 8. fig. 34).—The outer lobe terminates in ten spines, 
the middle ones being the largest, two or three of the innermost are faintly 
denticulate. The inner lobe has the anterior margin sloping inwardly and 
has sometimes four and sometimes three setose spines and a setule on the 
outer margin ; the inner margin is setose. 

The Masdllipede (PI. 9. fig. 35).—Miss Richardson’s figure shows three 
divisions of the coxopodite, but I have failed to find more than tw^o. The 
basipodite is rather short and a little narrower than the epipodite. The palp 
has four wide joints, the first being small and the second and third cup-shaped 
and gradually enlarging, their inner margins are widely expanded, the fourth 
joint (the largest) is oval in shape. The setse are small and few in number. 
The inner distal lobe extends almost as far as the anterior margin of the third 
joint of the palp. The epipodite is almost truncate at its posterior margin 
and narrows a little anteriorly and extends just beyond the middle of the 
third joint of the palp. 


Synoptic Key to the Species of the Gmm Synidotea. 
A. Tetminal segment of metasonie emarginate or notched. 


a. Lateral cephalic lobes well developed. 
b. Frontal spines overhanging frontal lobe. 

e. Outline of metasome triangular. i hirtspes (Milne^£dw.). 

IS. Benedict. 

b\ Frontal spines abeent. 

o'. Outline of petaaome subparallel. S. nebedosa^ Benedict. 

e\ Outline of metasome arcuate .. A Benedict 

V". Outline ^npeNMiomesubtri^ 

d OutHne of metasome iubpnridlel .... d matwionito (Packi^ 

d* Outfimsafmeeoimneat^^ Bnbimsspida(f^mm). 
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R Terminal Mgment of metaeome produced as a blunt spine. 


a. Lateral cepbabc lobes small. 

b. I^ntal spines not on the maip^in . S', nodtiota (KrSjer). 

b’. Frontal spines on the margin . 8, ieevis, Benedict. 


Synidotea., Hargtr. 

17. Sthidotea hirtipbs (Milne-Edmrdf). (PI. 9. 36, 37.) 

IdttUa hirHpet, Milne*Edwards, Hist. Bat. Crust. toI. iii. (1840) p. 184; Krauss, 
SudaiHk. Crust. 1843, p, 81. 

Edotia hiritpe*, Mien, Journ. Linn foe., Zool. vol. x\i. (1881) p. 68. 

St/nidotea hirttpet, Benedict, Proc. Acad, Nat. 8ci. Pliilad. 1897, p. 403; Stebbing, Sth. 
Afr. Cruet. 1902, pt. it. p. tSO. 

Stebbing has described the oral appendages of this species in great detail. 
He states: “The first maxillse have the outer plate smmounted by ten or 
sometimes eleven spines, some of which are denticulate, none very [towerl'al. 
The inner plate is narrow at both ends, and has at the apex only two setie, 
which are rather long, and, as usual, setose. 

“ The maxillipedes have the first joint short, the epipod nearly parallel* 
sided, not reaching the apex of tiie process of the second joint, though 
extending considerably beyond the first joint of the pulp; its upper margin 
slopes inward. The process of the second joint is shui>ed ns comnionly in the 
Amphipoda Gammaridea, and similarly fringed with set«e on the inner and 
apical margins, but here it is tied to its fellow, each member of the pair 
carrying a strong spine-hook for grappling the other. The first joint of the 
palp is small and rather obscure, the second is very large, widening distally, 
its distal margin flatly rounded on the inner part and externally forming a 
little free projection. The third joint is also very large, its iui^er margin 
almost continuous with that of the preceding joint, feebly convex, fringed 
with short spines, its outer margin strongly convex, fringed with setse-like 
spines, some of which also stand ont from the surface.” 

TAe Fir$t Maxilla (PI. 9. fig. 36).—In none of the'specimens that 1 have 
examined have there been more than ten spines on the enter lobe, in addition 
to which there is a long setnle sot in a onp-sltaped eavity on the ventral sur¬ 
face of the lobe. In a like manner there are three setnles on the ventral 
surface of the narrow inner lobe, the tuo setose spines of which are rather 
lonjgier than in most species. 

The MemUipede (PL 9. fig. 37).—This appendage in the genns i^gnidotea 
is oharaoterised by the large size of tiie seoond and third lobes of ^ palp. 
In S. hUiipet tdie two divisions of the eoxopodite are small. The basipodite 
has both its inner and outer Wrgins almost straight, the poUterior and 
anterior ones slope outwards. iHie three-jointed palp is almost twioe the 
length of the inner margin of the baaipedMih. Hie first joint i» small, the 
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second and third joints are very large. The inner distal lobe extends for¬ 
ward slightly beyond the middle of the second joint of the [Hilpi and distuliy 
it has a number of setose spines. The epipodite is a wide flattened plate, 
with almost parallel sides ; it is wider than the basipodite. Its apical portion 
curves outwardly slightly and extends forward as far as ii point a little beyond 
the middle of the second joint of the palp. 

18. Synidotea pallida, Benedict. (PI. 9. figs. 38, 39.) 

Synidotea pallida^ Ikuedict, I^roc. Acad. Nat. Sci. Philad. 1897, p. 396 \ Kichardson, 
Bull. No o4, U.H. Nat. Mus. 1905, p. 378. %«. 412, 413. 

llte First MaAlla (PI. 9. fig. 38). —The outer lobe exhibits a strong inward 
curve. It has eight terminal spines, all of which are denticulate, and there 
are a few set© on tlie inner anterior margin. The inner lobe is compara¬ 
tively small ; terminally there are two long setose spines. 

The Maxillipede (PI. 9. fig 39).—Miss Riehardson^s figure of the maxilli- 
pede of this species is incomplete and very unlike the actual appendage. 
The divisions of the eoxopodite are small. The basipodite is small, but does 
not slope outward quire so much as in the preceding species, and the second 
joint of the palp is smaller, the third joint is twice the length of the 
second one ; the inner distal lobe is also narrower than in 8. hirtipes* The 
epipodite is a wide Hatteiied plate with its ajjieal portion narrowed and sloping 
outwards ; it extends as far forward as the anterior margin of the second 
joint of the palp. 

19. Synidotea nebulosa, Benedict. (PI. 9. figs. 40, 41.) 

Synidotea nebulom, Benedict, Proc. Acad. Nat. Sci. I'hilad. 1897, p. 397; Richardson 
Proc. U.S. Nat. Mus. vol. xxi. (1899) p. 848; Bull. No. 54, U.S. Nat. Mus. 1905,^ 
p. 381, tigs. 416,417. 

The First Maxilla (PI. 9. fig. 40). —The outer lobe has a strong inward 
curve. There are ten terminal spines, most of which are denticulate ; there 
are a few set© on both the outer and inner margins. The anterior portion 
of the inner lobe is roughly triangular with tho distal end obliquely cut away 
and terminating in two stout setose spines. 

The Maxillipede (Pi. 9. fig. 41).—The shape of the basipodite at once 
serves to separate this specie.^ from any other member of the genus^ The 
second joint of the palp is very large, but the anterior lateral margins are 
not so expanded as in & hirtipee* 

20. Synidotea anqulata, Benedict. (PI. 9. figs. 42, 43.) 

anytOata, Benedict, Proc. Acad. Nat Sci. Philad. 1897, p. 396; RichardaoB, 
Bull. No. 54, U.S. Nat. Mas. 19a£^ p. 38^ %a. 418,419. 

The Firit MaedUa (PI. 9. fig* 42)*--***The strong inner carve of the outer 
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lobe is not so pronounced in this species. There ore ten terminal spines, 
most of which are faintly denticulate. The anterior portion of the inner lobe 
is oval in shape with two setose spines, longer and more slender than those 
of 1 $. Tiebulota. 

The McueUUpede (PI. 9. fig. 43) agrees very closely with that of S. nebuloea, 
excepting that it is more robust and larger. The third lobe of the palp is 
more stunted and the Imsipodite much longer. 

21. Sthidotka makhobata (Packard^. (PI. 9. figs. 44, 45.) 

Idotta marwwatOf Packard, Mem. Boat. Soc. Nat. Hist. vol. i. (1867) p. 296, pi. 8. 

%.«. 

Idotea bku^ida, Streets & Kingsley, Bull. Essex Inst. voL ix. (1877) p. 108. 

Symdetta Meuipida, Haiger, Proc. U.S. Nat Mua. voL ii. (1879) p. 160; Kept U.S. 

Gomms. F. & F. 1880, pt. vi. p. S62. 

JBdotia biaupida, Miers, Joom. Linn. Soc., ZooL vol. xvi (1881) p. 66. 

Sywidatea marmorata, Benedict, Proc. Acad. Nat Sci. Phtlad. 18^, p. 392; lUchardson, 

BulL No. 64, U.8. Nat Mus. 1906, p. 384, figs. 422,428. 

7%« Fint Mcunlla (PI. 9. fig. 44).—Both of the lobes in this species are 
comparatively small. The outer one is abruptly narrowed posteriorly; 
anteriorly there are eight spines, all of which are denticulate. Seise are 
present on both the inner and outer margins for a short distance. 

The Maattllipede (PI. 9. fig. 45).—This appendage bears a strong re8em> 
blanoe to that of S. nebuloea ; there are, however, slight differences in the 
form of the basipodite and the second lobe of the palp. 


22. Stniootba BI0U8P1DA (Owen). (PI. 9. figs. 48, 47.) 

IMe» bieu^ida, Owen, Crust, of ^ ' Blossom,* 1889, p. 92, pi. 27. fig. 6.' 

IdoUa pulehra, Lockington, Proc. Gal. Acad. Sci. vol. vii. (187?) p. 44. 

J^/nidotea meua, G. 0. Bars, Crust, et Pycnog. nova etc., 1880, no. H. 

JBdeitia biaupida, Miers, Jonm. Linn. Soc.^ Zoul. vol xvi. (1881) p. 60. 

Sifiddotea bkeupiia, G. O. Bbi% Crust, Norweg. Nth. Atlantic Exp. 1886, Vol. i. p. 116, 
pL 10. figs. 24-26; Benedict^ Proc. Acad. Nat. Sci. Philad. 1897, p. 391; Bichardson, 
Boll. No. 64, UB. Nat Mas. 1906, p. 386, fig. 424. 

Ibe oral at>pendages of this species have not previously been described or 
figured. They exhibit a relationship to S. marmorata, bnt differ from those 
ill fibat spedies in being larger and of a more robust typo. 

The Krst hisueUla (PL 9. fig. 46)«*~'The outer lojie is somewhat thickened 
aad has tm opines, most of which are dentionlate; l^ere are a few setso on the 
inner anterior margin. As in^iS. mamora/iat the anterior end of the inner 
lobe Is emnewhat triangular in Hutpe, fast the inner margin is almost straight. 
There are two long eetote spines, imd a ectute on the anterior innur swavgja- 
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The MaxiUtpede (PI. 9. fig. 47).—^The form of this appendage in 8. Heuepida 
approaches very closely to that found in 8 . pallida, only it is much larger and 
the third lobe of the palp is comparatively smaller, and also shorter than the 
second: joint. 

23. Stmidotea nouulosa {Krdyer). (PI. 9. figs. 48, 49.) 

Jdotea noduloM, Kroyer, Naturliist. ndaskrift, vol. iL (1846) p. 100; Yoy. ea Scaad. 
Crust. 1649, pi. 26. 6g. 2. 

Symdotea noAiUoaa, Haiger, Bept. U.S. Gomtns. F. & F. 1886, pt vi. p. 861, pi. 6. 
figs. S.3-35. 

EdaUa itodulom, Miera, Jouru. Linn. Sue., Zool. vol. xvi. (1881) p. 67. 

Sjfmdotea noduhaa, Benedict, Proc. Acad. Nat. Sci. Pbilad. 18W, p. 898: Richardson, 
•Bull. No. 64, U.S. Nat Mus. 1906, p. 388, figs. 429,430. 

The First Maxilla (PI. 9. fig. 48).—^Tliere are ten sharply pointed spines 
on the outer lobe, the three most ventral of which are denticulate ; the inner 
lobe has two long setose spines and a single setnle on the anterior outer 
margin. 

The Maxillipede (PI. 9. fig. 49) agrees very closely with that of 8. bieus- 
piUa ; the e[)ipodite, however, is rather longer and has its apical portion more 
pointed. The inner margin of the basipodite anteriorly is produced into a 
number of serrations. 


24, Stnidotba L^vis, Benedict. (PI. 9. figs. 50, .’ll.) 

Synid)^ lavis, Benedict, Proc. Acad. Nat Sci. Fhilad. 1897, p. 889; Richardson, 
BuU. No. 64, U.S. Nat Mus. 1906, p. 389, figs. 431,432. 

The First Maxilla (PI. 9. fig. 50).—The outer lobe has a well-marked 
slope on its outer side and has eight terminal spines, two or three of which 
are denticulate; the inner lobe is somewhat triangular anteriorly, as in 
8. nebtdosa, and has two lung setose spines. 

The MasnlUpede (PI. 9. fig. 51).—This appendage in this species is charac¬ 
terized by the great development of the second joint of the palp. It is the 
longest of the three, and anteriorly considerably wider than long, owing to 
the great expansion of the anterior lateral margins. The epipodite is similar 
in shape to that in 8. marniorata^ only somewhat shorter. The inner margin 
of the basipodite is anteriorly continued forward for soma little distance 
beyond the first joint of the palp. 
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EXPLANATION OF THE PLATES. 

No attempt has been made to introduce the exact number of setm 
into the diilerent figures. 

Plate 7. 

Fig. i. Ckiridotea coca (Say). Ventral view of the right maxillipede. X 38. 

2. - tnftsii (Stimpsoij). Veutral view of the left maxillipede. x 38. 

3. MeMoita iuinni (Kroyer). Ventral \iew of the terminal portions of the inner and 

outer' lobes of the right fii st maxilla. . x 19. 

4 . -Veutral view of the terminal portion of the second maxilla. X 19. 

5 . -- Ventral view of the right maxillipede. X 9. 

6. Peutidotea remiata (Stimpson). Ventral view of the terminal portions of the inner 

and outer lobes of the right first maxilla, x 19. 

' 7 , ...... Ventral view of the left maxillipede. X 7*6. 

8, - womemiakii (Brandt), Veuti'al view of the terminal portions of the inner 

and outer lobes of the right first maxilla, x 19. 

9 , -Ventral view of the right maxillipede. x 19. 

10 , tokitei (Stimpson). Ventrid view of the terminal portions of the inner and 
outer lobes of the left first maxilla, x 38, 

^ XI. ' Ventitl view aftheleitm^ Xld* 
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Fig. Id. Qlyf^idoUa IkhUMUmi (Kimiss). Ventral Tiew oi the terminal {Kartione of the 
inner and outer lobes of the right first inazilla. X 88. 

13 . -Ventral view of the left maxillipede. x 12. 

14. IdoUa rtdtiUma^ Lockington. Ventral view of the terminal portions cf the inner 

and outer lobes of the left first maxilla. X 88» 

15. -Ventral view of the right maxillipede. x 19. 

13. -Haiger. Doxssl view of the oephalon. 

17. -Dorsal view of the right antennule. x 38. 

18. -Dorsal view of the left antenna. X 21*5. 

Plats 8. 

Fig. 19. photphoreuy Harger. Ventral view of the terminal portions of the inner and 

outer lobes of the left first maxilla, x 76. 

20. -Ventral view of the left maxillipede. X 88. 

21. —- Dorsal view of the lateral portions of the mesosomatic segmentSf 

showing the coxal plates. 

22. —- Dorsal view of the metasome. x 3*5. 

23 . -jLrtjft uropod x 10. 

24. FaridoUa ungulata (Pallas). Ventral view of the terminal poitions of the inner 

and outer lobes of the n^t first maxilla, x 36. 

26.-Ventral view of the right maxilUpede. X 9*6. 

26. — rsttouhitai Barnard. Ventral liew of the terminal portions of the inner and 
outer lobes of the left first maxilla* x 38. 

* 27. — —^ Ventral view of the left maxillipede. x 9*5. 

28, - rtibra, Barnard. Ventral view of the terminal portions of the inner and outer 

lobes of the leit first maxilla, X 88. 

29. -Ventral view of the left maxillipede, X 12. 

80. — fiMcolOf Barnard. Ventral view of the terminal portions of the inner and 
outer lobes of the first maxilla. X 24. 

31.-Ventral view of the left maxillipede. X 24. 

82. JBmdoUa peronii (Milne-Edwards). Ventral view of the terminal portions of the 
inner and outer lobes of the right first Ijilaxilla. X 38. 

33 , -Ventral view of the right maxillipede. x 14. 

34. EriehsmeUa attmvata (Haiger). Ventral view of the terminal portions of the 

inner and outer lobes of the right first niasdlla. X 75. 

Plazx 

Fig. 85. jErieksanMt afi 0 mtata (Harger). Ventral view of the right maxillipede. x 38. 

36, BpmioUa hrtip— (Milr^Bdwards). Veniral view of the terminal portions of the 

inner and outer lobes of the right firet maxiUe. x38. 

37 , Ventral view of the left maxlUipede. x 16. 

36. paUidUf Benedict Ventral view of ^e terminal portions of the inner and 
oolmrldbee of the ri^t first nmidU^ X38. 

38, — Ventral view of the right msaSlipede., X 18. 

40. fieMbsSf Benedict Vential view of the terminal portions of the inner end 

ovfiierlcdwe of the left firm X88. 

41 , Ventral vie# of Xl9. 

49. aagitiii^ Ben^^ Vential vi^ ef the terminal portioiiaof tkeSn»ifcy^inj 

LihiMHiiif SltA fiaiA W gg. 
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Fig. 48, Sjfnid&tea anguUAa^ Benedict Ventral view of the left maxillipede, X Id. 

44. • mat^morata (Packard). Ventral view of the terminal portions of the inner 
and outer lobes of the right first maxilla. X 38. 

45. -- Ventral view of the right maxillipede. X 19, 

46 . —^ hieuapida (Owen) Ventral view of the terminal portions of the inner and 

outer lobes of the left first maxilla, x 26. 

47. -Ventral view of the left maxillipede. X 10. 

48. - nodtdoBa (Kroyer) Ventral view of the terminal portions of the inner and 

outer lobes of the left first maxilla. X 100. 

49. -Ventral view of the light maxillipede. X 38. 

60.- Ut/mf Benediet. Ventral view of the terminal poitions of the inner and 

outer lobes of the left first maxilla. X 38. 

51, _ Ventral view of the left maxillipede. X 19. 

The author desires to thank the (larnegie Trust for the Universities of 
Scotland for a grant to defray artists' charges. 
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SpoIiXA Buniana. —TIL The Distribution of certain Diatoms and Oopepoda, 
throughout the year, in the Irish Sea. By W. A. Hebdman, F.B.S., 
F.L.8., Professor of Zoology in the University of Liverpool. 

(With 21 Text-figiues.) 

[Bead Ist November, 1917.] 

Beprinted from Joum. Linn. Soc., Bot. vol xliv, (1918), pp. 178-204. 

Part of the work * of the yacht ^Runa’ for some years previous to 1914 
oonsisted in taking periodic samples of the marine plankton at various 
localities around Port Erin, at the south end of the Isle of Man, during the 
two most interesting times in the annual c^cle—^viz., spring (March-^April) 
and autumn (July-September). During the remaining months, when the 
yacht was not in commission, plankton gatherings in Port Erin bay were 
taken with great regularity at the rate of six in the week, three at a time on 
two occasions per week, two of the three hauls being horizontal and the 
third vertical. This systematic plankton survey has been continued for fully 
10 years (1907-1917 inclusive), and over 5000 f samples have been collected 
and examined. The general results of this intensive study of the plankton of 
a central area of the Irish Sea have been given in a series of reports | drawn 
up in collaboration with Mr. Andrew Scott, A.L.S., and others, and published 
by the Lancashire and Western Sea*Fisheries Committee; but the material 
and statistics collected still contain much information which has not yet 
been made use of. It is proposed in the present communication § to deal 
with the records of the occurrence throughout the year in our district of a 
few of the most abundant of the Diatoms and the Copepoda which make up 
the bulk of the phytoplankton and of the zooplankton respectively at those 
periods of the year when they are most abundant. At the time of the 
spring maximum (usually in April or May) a small silk tow-net hauled for 
about 15 minutes through about faalf-a-mile of the surface water of the Irish 
Sea will usually catch some millions of individual Diatoms (up to a couple of 
hundred millions || on occasions), constituting probably, on the average, some 
999,999 out of each million of organisms in the gathering H. This is almost 

* Bor Parts 1. and IT. of ^'Spolia Buniana*’ see Joum. Linn. Soc., Zool. xxxii. p. 168 
(1918), and p. 269 (1014). 

f More precisely 5116, to tbe end of 1916. 

% Trans. Hoi. Soe. Liverpool, xxii. (1908) to xxxi. (1917). 

I I wish to acknowledge, witl^ tbanks, the help 1 have received in the preparation of 
these plankton lecords from Mr. Andrerr Scott, A.L S., and from my secretary, Miss 
H. NL Lewis, B.A. Mr. Scott took Hot me the excellent photo-micrographs of the plankton 
fhna which moat of the iUustrstions have been reproduced. 

H BsOaftated Iqr conntiiig measured samples. 

f Urn avseage of a number of eases whm (UnaDsr, but still very large, hauls of Diatoms 

of the total oiganhmsprss^ 

VOL. xtxtv. 
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a pure sample of Diatoms—a “ raonotonie phytoplankton/’ SimiLurly, 
the sooplankton is at its height in late snmnaer (usually September) ^e same 
net may contain almost a pure gathering of Oopepoda numbering some tens 
to hundreds of thousands of individuals (up to 314,000), and making Ujp 
perhaps 999 out of every thousand organisms present—a ‘*,roonotonio 
sooplankton.” But we may still regard the gathering as a aqoplankton if 
over 50 per cent, of the organisms are animals—on account of their grtsater 
bulk. 

Moreover, these very abundant Diatoms and Oopepoda belong in mch case 
to very few species, so that one can select about half-a-dozen species of 
Oopepoda which constitute by far the greater part of the summer zooplankton, 
and about the same number of Diatoms which similarly make up the bulk 
of the spring phytoplankton. These few species, belonging to these two 
very widely separated groups, thus come to bo the most significant organisms 



Fra. 1.—“Heaseiy!’ “ Kanson,'* ^Fmutel^wdt {Aanktoaaets 

itjvag tStuBc OSS oa fiw 

in relation to the annual metabolic oy<de of car raos and the food-enpply 
' from onr coastal fishedes. Conseqnenily it is of both sdentifio and eceonoinio 
importance to obtain such data as tMm poi^ble from our long series of 
' ob^vations, extending over a deca^^ the .c^orrence of th^ dominant 

factors iit the plankton. No doubt therbiafe extoeptional yearn with ttnnsna! 

! oihpnxienees yvbioh will have a disturbing affedi,%ttt the ten or eleven years’ 
resalts ought to give us an ^ersge of Sothe value. 

If e have (^eavoured, iali^ur win’b fiw® the ys^^; as :^e result of many 
'mcfmdmeiiitSf 'to mdke tise of 'k standwd .ti# In 'a ewud^t _ saustter. so tbit .llie' 
,hAnlB.sbo«^ be spprmdjhatMy 'r^OaV' t$. 

es « .C'lid'' eta . „ b . .seta.. i.tLW ' eaA' . .« Jmss ‘ ' ..-.fv'v. V Wes JS'i'.e:. i . >.« • <. sk '. 4 . •. 
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'in diameter at the month, and are in our weekly gatherings thronghont the 
year banled ihrough a definite course in the open water of Port Erin bay. 
The two together coarse and “ fine ” nets) constitute a “ standard haul.^* 
The gatherings taken outside the bay ilnring the periods of the vernal and 
antumnul plankton maxima were made with the same nets as in the bay, at 
fixed stationsrespectively three and five (and on a few occasions ten) 
miles from land 

In addition to these standard hauls many others were taken with special 
nets, such as the closing “ Petersen-Hensen” and “Nansen,” the “shear- 
net” and “funnel-nets,” usually at depths of 5 to 30 fathoms, and on occasions 
down to 60 fathoms out in the deep central valley between the Isle of Man 



Fio. 2.—Typical Irish Sea plankton curves for the years 1913 (dotted line) 
and 1914 (whole line). 

and Ireland. Figure 1 gives a general view of the various nets used on one 
of our plankton cruises. Temperatures, surface and deeper, weather observa¬ 
tions and water-samples were also taken systematically f* 

The plankton gatherings when taken are at once treated with formol to 
kill and fix the organisms and prevent further changes. They are then 
plaOed {at the Port Srin Biological Station) in graduated cylinders, and 
after tome hours, when the material has fallen to the bottom and the super- 
laoeut fluid is clear^ the quantity of plankton in cubic centimetres is 
YOdorded* The fixed plankton is then concentrated and preserved in 

e BpteinHtesd hy 4Sross4iaaiiiiig8^ and by distaia^ ruii ealealated from the enginesi 
;t Fiir as to see the eaflier pobUshed by the Lanea^ 


8* 
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5 per cent, formol, and is re-mMsored it may be wes^s Jater wbM 
snbmiited to detailed examinatimi. It is this last more aoonrate measnreo 
inent tibat has been made use oE for calonlations and curvet. 1%a 
first estimation of the Tolnme is only tak«) in ease some accident hnppens 
later; bnt we have been very fortnnate in tiiat respect: we have only lo»t 
abont 10 gatherings in tise 10 years ont of over 5000 samples. ]F1gnre S 
shows typical plankton curves for the years 1913 (dotted line) and 191^ 
taken from the recorded monthly averages el the plankton hauls. As an 
example of the height to which individual hauls may rise in spring, I may 
quote from our records of this year that on ApHl 18th, 1917, the standard haul 
measured 165 o.o., and on April 19th 150 c.o., and consisted mainly of 
Chatoeereu, 

Oar confidence that these samples are adequate and representative reoeivos 
support from the faot that the same organisms are recorded in much the 
same quantities year after year, and tiiat practically no new forms turn up. 
Mr. Andrew Scott, A.L.S., who has made a detailed microscopic exammation 
of all the material for the purpose of determining the species, has met with' 
none new to science. Some rare species previously nnknown in British 
seas, such as the Norwegian Copep^ Mieroeakmtu pusillus, Bars, which 
appeared first in our deeper nets in the summer of 1907, and the Inde^Pmiifio 
Diatom BiddvlpMa rinmm, Qrev., have occurred; bnt threugh<mt tiie series 
of over 5000 gatherings, extending over nepriy every week of 10 years, 
no species actually new to sdenee has been ^deterbaitaied from the macro- 
plankton. The various new Copepoda wbi<^ Akvc. been described from time 
to time from our work at Port-Brin.hnvf':a& been .bottom4iving forms 
obtained by dredging. This is, so far,iE aetMhctory result of our work, as 
it seems to indicate tiiat probably all the p4a|^ i^Mcies of Cqpepoda in our 
sea are now knewn. It is not the'^Tare i^eoitis that are of most interest. 
They may have an interest of their own'-~mm|h<dQ|^l or .distributional— 
bnt for my present purpose it is the (KHtimod tiiat are of most import¬ 

ance, those species which by tiiedr abimdirnch in natiire^ilay their part in 
providing fish-food for man or in affincting'tiie pnldib healtii either 
keeping the sea clean'or by oanipiBg plt^^tjads. 

For the purpose th«i of arriving at. aomC'nnBolvmnB up to the distitiintion 
throu^out the ymr of tiiese really sig nid wAt imfgMittiis, 1 hnve picked out 
from our records-the folloving six O^ti^bdn tp being nndoubtedly 

t^ tCeet abnohtnt and eoonondcaBy ,tW tn#t li^portent representatives 
aeittion of "the plankton (as spnifis), jPmudo- 

eklamu eloeipttttM, Awrtia rioiMt, and 


' ,)tpe^ m ■im itmi 
'sQ'.tiba«' 'dea^ eriih- 




there «na. 

'’■is'telsnped ^■' 
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WBen W8 turn to the Diatoms the case is rather different. There several 
the more prominent genera are represented by a nnmber o£ common 
species, and moreover some of the species are closely related, and variable, 
so that doubts may arise as to the exact identificationsj and authorities may 
differ as to the relative pro(>ortions in which certain species or varieties of, 
say, C/iCBtoceras or Biddulphia are present in the plankton. Under these 
circumstances I have considered it will best serve my purpose, which is a 
general and economic rather than a detailed speciographic one, if I deal with 
generic titles only, grouping together for example all the species of 
ChcBtoceroM that may occur under that one name. I have chosen the following 
genera as being the most important representatives of the Diatoms in our 
plankton :— Biddulphia^ Chcetoverai^ CoscinodUcus^ Rhizosolenia^ Thalazdo- 
nrUy Ovinardia^ and LaudeAa. In some of these genera (e. g., Guinardia 
and Lavderia) as in the case of the Copepoda there is only one possible 
species in question, in Biddulphia it is in most cases only the species B* mobi- 
lietisisf but in others (e. g., Chertoreras, CoscinodUcus, and Rhizosdenia) there 
are usually several allied species occurring togeiher in profusion in any largo 
gathering of the genus. 

I may add that our commonest species in the Irish Sea off Port Erin are 
not necessarily those that are most abundant in other seas of North-West 
Europe. For example, in the Baltic neur Kiel, according to Lohmann, the 
most abundant Diatom is Skeletmema costatunij a compiiratively rare form in 
our plankton, and George Murray similarly found that to be the commonest 
form he had met with in a plankton survey of some of tlm more sheltered 
lochs of the West of Scotland. It is, however, one of the minuter forms 
which readily escapes notice, and may to a considerable extent pass through 
the meshes of the net. 

Then again, in July 1911, in Upper Loch Torridon, on the West Coast of 
Scotland, I got a haul of 334,000,000 Nitzzehia delicatisaifna^ which is rare 
with us in the Irish Sea, but is apparently more abundant at Plj^mouth. 

I think it probable, however, that our Port Erin results will be found to hold 
good for the more open sea-water of high salinity ^ around the British Isles. A 
valuable paper which appeared rec.ently on the Plankton of Plymouth Sound, 
by Dr. Marie V. Lebourj) while dealing mainly with the more minute 
Protoxoa and Protophyta which escape the tow-net and can only be obtained 
by centrifuging samples of water, gave also some records of the occurrence 
of some of the larger forms which enables a comparison to be made between 
the plankton conditions in the English Channel and in the nortiiern part of 
the Irish Sea. 

f Hie SftIhiHj off Port Enn averages about 34*3 per mille. Its mage for April, May, and 
in the year wbea we took the most eotnplete issries of observatioiui is from 34*02 to 

t lOaiii, Ifiir. ffieb Aisoe. voL xi 2 (1917)9 p* 198^ 
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There are certain differences in detail. For example, the total Diatom 
curve at Pljmonth has three maxima or crests, in April, Angnst, and October. 
At Port Erin the cnrve has only two crests, a mnoh f^eater maximum in 
spring and u variable and smaller one in autumn, while Diatoms are usually 
wholly absent in August. 

On the other band, there is a general agreement in regard to the distribution 
throughout the year of many of the more abundant organisms. For example, 
amongst Diatoms Co$dnodi$cus is a winter and early spring form, BiidtUphia 
flourishes throughout the winter from November to April or May, Rhizotolmia 
is a summer form having its maximum in June, while Cluptoeercu and 
Lavderia hare two maxima, the one in spring and the other in autniim, in the 
English Channel and the Irish Sea alike. Amongst Cdpepoda there seems 
to be a general agreement along with a certain amount of diflbrence in detail 
which will be referred to below when discussing the species. 

I may recall that in November 1910 I read a paper before this Society * 
in which I made a comparison between the summer (July) plankt(ni on the 
West Coast of Scotland and that of the Irish Sea, showing that in some of 
the deep Qord-like highland sea-lochs green-ooloured phytoplankton can be 
obtiuned even in the height of summer, while a seoplankton may be found 
living in abundance a few miles away. This, of course, would be impossible 
in the Irish Sea, where a sooplankton and a phytoplankton do not occur 
nmnltaneonsly. 


DIATOMS, 

The seven generic forms I have selected for eonsideration taken together 
make up nearly the whole of the Diatom phtAkton of the year. No other 
genus occurs in anything like such pr 9 fan<« as tiiese. In April, for example, 
when the Diatoms are usually at thdr climax, all the remaining genera 
(at most 10 or 12} taken together make up only about one-thousandth, or leas, 
of the whole. Moreover, these common Diatoms often attain tiieir greatest 
profusion successively, not simultaneously, so that single genmu, or it may 
be single species of a genus, make up on ooeasions the bulk of the phyto¬ 
plankton. For example, in May 1916 the monib’s average haul of Diatoms 
was 7,171,789, while the average for the genus C/urtoesros taken alone was 
6,947,338, leaving only 224,456 as the average of all the rest of the Diatoms. 
On the last two individual hauls, taken on May 25th and 29th, the actual 
numbers were at follows:*— 

C%sBtoeero« alone . 24,094,«500 ... 19,461,600 

C. soctelr alone . 28,986,000 ... 19,896,000 

All other ZHatomstogeiber... 166,300 ... 228,900 

So that on these ooeasuMu, and they are exetmples of many, one species makes 
up nearly ^e whole of the {hmkton. 

. e^leua. Zdiui. See.,M txA (1918) p. 
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The maximum on the Diatom curve ranges from March to May, In 1907 
it was in March, in 1908 in May, and in 1909 in April. In some years the 
Diatom mtixiinum may bo divided into two parts, an earlier due mainly to 
Cluptoaras and Thalassiosira^ and a later in June due to Rhizosolenta and 
Quinardia, A common order of succession for the species which contribute 
most largely to the Diatom maxima is— Biddidphia mobiliensis and 
Coscinodiscus radiatus in early Aprils Cluvtoceras dehile in late April, 
ChHocerai sociaU in May, Chatoceras teres and Rhizosolettia Shruhsolei in 
early June, and iZ/dco^o/m/a (several species) and Quinardia in later June. 
The autumn Diatom maximum is constituted mainly in the Irish Sea by 
Chcetoceras subtile and Rhizosolenia semispina. Certain species of most of the 
genera we are dealing with are commonly regarded as oceanic” in the 
sense that they are characteristic of the o{>en sea, although they may 
occasionally be carried in shore and so form a part of the coastal plankton ; 
while other species are ‘^neritic,” having their origin and their home in 
coastal waters and not being found normally in the open ocean. For 
example, Chcetoceras densum^ C. horeale^ Coscinodiscus radiatus^ and Rhizoso^ 
lenia semispina are supposed to be oceanic; while Biddulpkia mobiliensis^ 
Chcetoceras subtile (and other species), Coscinodiscus concinnus^ Rhizosolenia 
setigeruj and Lauderia borealis are probably neritic. Other species of these 
genera are of doubtful i)osition in this classification, or it may be are 
panthalassic ” or equally at home in both regions, 

Biddulfhia. 

This is a winter and early spring group of Diatoms, generally appearing 
in September or October, becoming more abundant in November and 
reaching a maximum in March or April. It dies oflP daring May, and is 
practically absent in June, July, and August, 

The species, or forms, that occur in our plankton are Biddulphia mohiliensis 
(?jB, regia) and B. sinensis (fig. 3). This is one of the cases where there is 
some difference of opinion as to the validity of species. Whether B. regia 
is only a form of B. mohiliensis^ and what is the exact relation of B. sinensis 
to the others, has been and may still Im a matter of discussion. Specimens 
can be picked out that seem distinct and characteristic, but others occur in 
nature that are intermediate and possibly abnormal 

B. sinensis is an exotic, oceanic form which, according to Ostenfeld, made 
its appearance at the mouth of the Elbe in 1893, and spread during sui^cessive 
years in several directions. It appeared suddenly in our plankton gatherings 
at Port Erin in November 1909, and has been present in abundance each 
year since. Ostenfeld, in 1908, when tracing its spread in the North Sea, 
predicted that it would soon be found in the English Channel. Miss Labour, 
who has recently examined the old plankton gatherings at the Plymouth 

^ See Ibxfiit figored in Trsas, Sick See. 14T«cpool| xxviL (1913) p. 210. 
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Lalramitory, find* that «• a matter of faot this form did appear is atondam 
in the collections of October 1909, within a nrantb of tdie time wlwb 
according to oar records it reached Port Grim Whether or not ^s i^ecies 
was brought accidaatally by a ship from the far East, there is no donht tiiat 
it was not present in oar Irish Sm plankton gatherings previous to 1909, 
bat has been abundant since tiiat year, and has completely adopted tira 
habits of its English relations—i^pearing with B. mMUttuit in late antanm, 



Fio. 3.—I%At»>iniciogH^ of a plai^tlaa peq^ststioa showing (a) BiMOpUtt 
moUlMiMM, ftnma "fiqsM/'atid(i).0. smsMsdr. 

persisting during the winter, reachin|r a maximum in spring, md dying out 
before summer. BiddvlpUa is generally tiie first l^tmn to show a niatiied 
increase in early spring, and is responsi)^ for the moderate nse in the ounre 
wM^ tdces place in Febraury or March. 

Oar hrgest records dE JStidtiulpftsa are as Mtpws 

Fzmn three hundred thousand to over , six bundred .thousand per haul on 
several oocuions between noddle of March wd mid^ of April in 1910 and 
1911, and towards end ^ April and bej^nniag .of May, 1916. 

, From tibree hundred timusand to over seusii hnadrad and fifty thousand <m 
•ten oecwrimw between Kov^ber lOtiband 1911,191A and 1915, 

JUie yj^est monthly arenmes in t^e «tri;^ jq»nng months occur m 
la^Urs's-r- 

|*ebruary \ in 190Tand 1919. 

, ■Jlarcb'- .. , ^f/.lni'm-iwi,. 1914, and 1915, 

,\;'';X:y,:A^iilf ,, ...-.'y W18,and4916. 

% Mavembm,' whin'tim 
oom^i 
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(1911,1914, and 1915) in our ten years the November monthly average is 
^e highest in its year. Moreover, two of these November records, viz., 
341,231 in 1911 and 406,100 in 1914, are the highest in the whole series. 
So JBiddttlphia may be regarded os characteristic of the late antnmn 
(November) as well as the early spring plankton. 

OOSOIKODISOUB. 

The more abundant species that our records deal with are Coteina^seut 
eoncinmUj C. Gram, and C. radiatut. They are mainly winter and spring 
forms, the maximum of the genus occurring always in our experience in 
either March or April. Coteinoditeut (fig. 4) agrees very closely with 
BiddulpUa in its distribution throughout the year, beginning in late antnmn, 
maintaining its position tbrongbont the winter, increasing in January or 




Fio. 4.—Pboto-miciogTapli of an early spring phyto^ankton 
eonmating mainly of Ooiomodiieut and BiiUMpkia. 

February, and then more rapidly in March and April, and dying away before 
die height of the summer; but it sometimes continues to be present in small 
quantities further into the summer months than is the case with BiddidpUa. 

The presence of CondnodUeuB in quantity in the spring plankton is easily 
seen through a glass jar wiih the unaided eye, as the little rounded drum¬ 
like cells give a characteristic granular appearance to the gathering. 

Our largest reomds of Cotdnoditeui are;— 

From tour to five hundred thousand per haul on several ooosmons 
between middle of March and middle of April, 1911, 1912, 1913, 1915, 
and 1916. 

Abmit nine hundred dtousand on several occasions at end of Aj^il 1914. 

Frmn one milKen to dose on five millions on two oocanons in middle of 

1913. 

||0 may onhrimi ^ comfMHOion form BkbMjMa at the time 

If Jifi veifitd jiimtidBWii; W uiot atiein to eusoh hl^ nUmbere in kte 
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autumn. The October and November monthly averages never, in our series 
of years, come anywhere near the averages for March and April. 

Both Siddulphia and Coscinodiseus seem to be slightly later in their maaifna 
in the Irish Sea than in the Unglish Channel, jndging from the Plymouth 
records. 

In tlie years 1907 to 1912, inclusive, the highest monthly averages (March 
and April) for Coscinodiscus run in general about 100,000. In 1913 and 
1916 they are close on 200,000, in 1914 over 300,000, and in 1915 there is a 
sudden jump, in April, to over 840,000. The other months of that year do not 
show unusually high numbers. 

Chjetoobras. 


The chief species of this genus in our Irish Sea plankton are CJMoeeta$ 
boreale^ C. contortum^ C. criophilum^ (7. deUle^ C. decipiem (fig. 6), C. demum^ 
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Atlantic species, and all the rest may be classified as temperate neritic. 
Some of these (C. criophilum^ C- dehile^ <7. decipiens^ C. soeiale, and C. teres) 
are spring forms with a maximum in April or May, while C. boreale and 
C. denswn are autumn species having their maxima in September or 
October. Consequently the genus is well represented throughout a con¬ 
siderable part of the year, and the numbers are very high in April and May, 
and sometimes also in September and October (see curve, fig. 5). 
A few of our highest records for the genus, giving the nearest million 
in each case, are :—151 millions on May ith, 1914, 95 millions on April 29th, 
1912, 68 millions on May 16th, 1911, 49 millions on April 22nd, 1910, and 
44 millions on May 19th, 1911. The highest record we have for the autnmn 
species is 30 millions on September 26th, 1912. On May 16th, 1911, 
C. debile contributed 30 millions and C. sociale 12 millions to the total in the 
haul ; and on May 4th, 1914, C. debile gave 148 out of the 151 millions 



Fio. 6.~ ChmtoceraB deeijnens, showing the active winter growth. 

From a photo-micrograph by A. Scott: 

present. If we examine the records of the separate species for the year 1914 
as an example, we find that C. contorium has an average of 62,700 per haul in 
May, C. debile an average of 867,878 in April and 18,972,800 in May (the 
reconl), C. decipiens aii average of 821,311 in April and 821,050 in May, 
C. sociale an average of 1,229,500 in May, C. teres an average of 577,867 in 
April ; while of the autumn species C. boreale has an average of 53,200 in 
September and 54,644 in October, and C. denmm has 151,120 in September 
and 100,624 in October. C. deHle and C. decipiens were also very abundant 
Hiat October. 

The highest montlily averages for Chcetoceras fall as followe daring our 

ten jmvB s— 

March ... in 1907* 

April ... in 1909,1910, and 1912. 

May ... in 1908,1911,191^ 1914^ 1915, and 1916. 
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The highest average is nearly 23 millions, in May 1911. None of the 
September and October averages rnn as high as those in spring, and only two 
reach millions, viz., 3,956,047 in October 1911, and 7,702,658 in September 
1912. The years 1911 and 1912 had high nnmbers of CAtstocama thronghont 
many of the months *. There are no months in the ten years when Cheetocenu 
was totally unrepresented; but July and August show the lowest averages— 
the lowest of all being only six individual cells in August 1907. 

Lavdbbia. 

We have only the one species, Lauderia borealis. Gran (6g. 7), in our 
records. It is a late spring or early summer form, occurring generally from 
March or April to Juno or July, with a later, smaller, occurrence in autumn. 
It is sometimes present in largo quantities, a. g., 20,064,000 on April 22nd, 
1910; 12jr millions on April 29th, 1912; 3,600,000 on May 4th, 1914. 
The maximum is towards the end of April or beginning of May, when 
Lauderia helps, along with Chstoeera*, to form the main crest on the vernal 
Diatom curve (see fig. 5). 



Fio. 7.—Photo-murogn^ shewing s ehsin of Imudena borealu. 

TBAIiASSlOSlBA. 

The only species of this genus that are of any importance in our recoids 
are T. gravida, Cleve, and T. IfordentkUddi, Cieve (fig. 8). Apjtarently 
T. grarida is the only one common at Plymouth, hot 7' SordetukMdi, along 
with Chatoeerat eontorhim and C. debile, helped to constitute the vernal 
maximum at Port Erin in 1907, and has been still more abundant on several 
occasions since. T. MorderuHoldi is in the main a nerltic, arctic or 
Scandinavian species, and probably its oocarional ocourrences in quantity 
are to be regarded as invasions of some arctic water and northern plankton 
into our British seas. In April 1917, it was abundant at Port Erin along 
irith Chadaeeras teree, C. dthUe, and C. deeipiene, 

AH oor high records (over a a^illion per haul) for Thedeuieionra lie between 
late in A^l and late in May, mad the two hipest are six millions on April 
i9th, 1912, and six and a half mUlimis on May 16th, 1913. Other high 

• tnie haitkef IHateaisas* whoKall ipeoiMi talnn togither, wan ia Bjw of 
mi aad IbUs 
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rscords bare occurred during these same months, in 1910^ 1911, 1912,1913, 
1914, 1915, and 1916. 

The highest monthly averages for Thala8$iosira are 721,000 in April 
1912, 898,000 in May 1913, and 976,000 in May 1915. The genus is 
totally absent from our records throughout the ten years in December, 



Fig. 8.—Pljoto-iLicrograph of a phytoplankton consisting mainly 
of Thakusionra Nordemkinildi, 

January, and February, arid again in July and August, and is very poorly 
represented in several other months. In fact^ it is only really abundant in 
April and May and not always then. , In this distribution over the months 
of the decade this genus forms a marked contrast with Chctdoceras^ which is 
so constantly present. 

Rhizosolenia. 

The species that occur most abundantly in our records are Rhizosolenia 
iemisjnna^ R. Shrubsolei, R. Siolter/othi and, less abundantly, R. setipera and 
/2. aiata (rarely). The two last named are temperate Atlantic forms, and 
R. semiipina is a typically arctic oceanic species. 

They are all summer or autumn species, the genus being often quite 
unrepresented in certain of the winter months. It usually begins to appear 
in the nets in February and reaches its maximum in June. The numbers 
are sometimes enormous, giving the water in a glass jar a characteristic silky 
or fibrous appearance and causing the June crest that is usually present as a 
distinct elevation on the Diatom curve (see fig. 5, p. 182). 

The most abundant species in the Irish Sea is Rhizosolenia Shrtibsol^ei —^at 
Plymouth it is R. SioUerfothi ; but R. semi^ina (fig. 9) is sometimes present 
in abundance at Port Erin in autumn, causing a second crest or maximum in 
September or October. In September 1907, thirteen milliens and sixteen 
fniHions this species were taken in two hauls of the surface-net at Station 
iU« (three miles off Pori Brin), while the following year, at the same time 
looilityi 
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We have had much larger numbers, of B. ShruhtoM, in June $ and amoagai 
our largest records of the genus taken as a whole are;—184 millions ra 
May 30th, 17.H millions on June 3rd. 59 millions on June 8th, 43 millions on 
June 13th, all in 1912, and 17 millions on June 21st, 1915. 



Fio. 9.—Fhoto-mierogruph of a ph3’tq>faui]i;toa eonsistiiigp mainly 
of JVUeotoknta 


The highest monthly average is in June in all of onr years except 1907 when 
it was in May, and 1913 and 1916 when it was in July. The greatest average 
reecM’ded is over 40 millions in June 1912. 

The autumn records are very irregular and someiimes show no rise 
whatever. Bven when present it is slight eompared with the Jnne maximum 
(see fig. 5, p. 182). The highest monthly average in autumn is 117,122, in 
^ptember 1912. 

jGlCIK.Ai(A»A. 

Only the one species, Gumareh'a Jla«ida, occurs in onr records 
(fig. 10). It is a summer form occurring mainly between April and July, 
with the raaximnm almost invariably m Jnne, Onr largest records are 
22,800,000 on Jnne 3rd, 1912 ; 18^00^000 on May 30th, 1912; and 
8,773,000 on June 11th, 1910. We haVe several records of over 7,0(K),000 
early in June, one of over two millions July 8tb, 1913, and one of over 
a millimi as late as July 16th, 1916. 

.ffuinardia, when present, nmkas up alojng with Bhizotolima the June 
el(wati(^ which is sometimes so marjced towards the end of the vernal 
^tmn maximum. This hist summed (1817) it vrii unusually late, dtbwing 
a maxisattm of five miilicms on £3rd July, along with one million of 

tn^Dthlyuvenge^^ ivith the exi^ims of 1016, 

^ udien hi -UfW lo ' ‘'13ia. greateat 'avemj^ ia dose mi 'i||it''^lUona 

'l«isar^ :saeonda>7^;’hcigtSji^ 
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point in September—the greatest recorded monthly average being 10,967 for 
September 1912. It is interesting to notice that according to Pstvillard 
Guinardia fiaedda is abaudant in the Gulf of Lyons as late as October. 



Fia. \(^»^Gtdnardia Jlaccida, from a photo-micrograph by A. Scott. 


Table 

showing the monthlg averages of the selected Diatoms throughout a year. 


1912. 

1 

BiddtUpkia. | CAatocerat. 

Co»ciH(h- 

discus. 

OMfva, 

Quifwrdia» 

Lauderia, 

Jan. 

24,920 

7,842 

9,877 

22 0 

257 

189 

Feb. .. 

8(5,885 

10,301 

10,aS4 

12 1 0 

105 

0 

Mar. .. 

21,176 

3,977,292 

95,446 

625 ' 25 

162 

337 

Apr. .. 

21,8^ 

18,366,750 

100,619 

86,464 . 721,338 

3,168 

1,622,478 

May .. 

l,(Kr 2 

2,844,861 

14,586 

22,008,744 41,033 

2,789,433 

170,878 

June .. 

0 

67,648 

0 

! 40,833,771 , 0 | 

6,919,429 

0 

July .. 

0 

39,627 

66 

1,228 j 0 j 

168 

0 

Aug. .. 

11 

694,961 

0 

13 ! 0 

j 

0 

0 

Sept. .. 

4,131 

7,702,668 

1,677 

117,122 ! 8,978 

10,907 

8,944 

Oct.' 

j 

’ 6,827 

1 

214,421 

11,914 

820 j 67 

2,178 

1 

29 

Nov. .. 1 

i 25,714 

9,476 

5,43(5 

0 ; 0 

21 1 

1 0 : 

Dec. .. 

8,a59 

3,106 

1,673 1 

0 1 0 

141 

0 


The above table shows very clearly how these important genera reach 
their maxima at different times, and how, for example, Chvetoceras in spring 
(April) gives place to Rhhosolenia and Guinardia in early summer 
(Mar and June). Curves can be drawn mentally from a glance at 
the columns of figures which will demonstrate the waxing and waning of 
the several ty|^« 
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Dhe following taUe ahowing the lurgest Iwnle of total IKat(»fw aa4 
of total Oopepoda in each of the ten yeajrs brings ont well how greatlj the 
Diatoms ontnninber the Oopepoda*-^in some oases in the proportioii of abmit 
a thonsand to one. 



Stiatonui. 

Copepo(iiN 

Largast haul 

Date, 

Largeit hault 

Date. 

1907 .... 

698^ 

April $(h 

28,900 . 

Aug. 17th 

1908 .... 

6.746^ 

Map 2801 

68,015 

Sept. 14t)i 

1908 .... 

10^<800 

April 9Shidi 

71,010 

Oct. 18th 

1910 .... 

70,128^ < 

April 9Slnd 

119,650 

Sept. 19th 

1911 .... 

68,989,500 

May 16tli 

248,045 

Jolp 18th 

191S .... 

202,998,600 

May dOili 

223,789* 

Map ,80th 

1918 .... 

206,814,700 . 

MayieOt 

118,660 

July 21tt 

1914 .... 

165,288,000 

Ma7 4tfa 

217,671 

Not. 9tb 

1915 .... 

18,898,800 

Jtme 15th 

117,840 

Attg. 2iid 

1918 .... 

24,260,800 

Map 25th 

118,624 

Sept. 25th 

1917 .... 

64,889,260 

HapSrd 

147,706 

July 19th 


llie relatavelj high records for Diatoms in 1912 and 1913 are dne in the 
former case to the nsnal Jane maximum of Hhisosolenta and Guinardia, and 
in the latter mise to a quite exceptional inraskai of AtterUmella japamea — 
the only occasion in onr records when this gmut has been abundant in the 
Irish Sea. We regard it as quite a rare form here. It is exceedingly 
abundant to the south of Iceland (Ove l^iilsen) and also in the Gulf of Lyons 
(Pavillard). 


OOPEPODA.. 


IDie following table shows the total numbers reeorded of our sis important 
^wcies of Oopepoda in the years 1909 and 1910 


Oithma helgolandiea 

mo. 

372,678 

1908. 

463,^6 

Paeudocedanui donffotua 

368,326 

3094)73 

AeaHia dtaud 

349,631 

63,878 

Pataottitmtu jMtma 

317,633 

54,120 

Tamara lenpuiortda 

147.043 

62,659 

Gnkmua ^amardkKua . . . 

lMl8 

21,412 


^ Oakum, famioeukum, Tamara, 
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The actual detailed numbers are of no importance except as indications 
of the relative abundance of the species. It is clear that Oithma and 
P$eudoea1anm (in 1909) far outnumber the others. Acartia shows a notable 
increase in 1910. 

The Copepoda as a whole are a summer and autumn group, all the crests 
of their annual curves being found between May and October. Figure 11 
shows curves of occurrence of the five most abundant of the above-named 



Fig. 11.—Curves of five most abundant Copepoda at Port Erin in 1912. 

species for the year 1912, which may be regarded as typical. Curves of 
Calanvs are shown separately in figure 12. The remaining one of our six 
selebted species, Calanus finmarchicui, although much the largest individually 
and probably one of the most important from the iSsheries point of view, only 
ocoasionally occurs in very large quantitiee in the Irish Sea, and its total 
nuttibeni in % year are much below those of the other s|iecie8, as the following 
tatde ifaqwa. 

tinair^ eooi^Y^ vol. xxm. 9 



Table skewing the tctal mimhert of the selected Copepoda recorded in the ten years. 
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Calanus. 

Calanui jinmarchicug (Gonner) * is present throughout the year in the 
Irish Sea, and may be taken in small quantities at almost any time and in 
larger numbers on different occasions in different years. In 1907 it was 
fairly abundant (a few thousands in a haul) in April, and again at the end of 
July and the beginning of August, and in October. In 190ti, on the other 
hand, the thousands per haul were not reached until later in the year, and 
the numbers remained relatively high from September to December (2,8.'>0 
on December 23rd). In 1909, in addition to occasional thousands in May, 



June, July, and October, we have evidence of an unusually large swarm that 
entered the bay on July 17th and 19th, when hauls estimated at 20,000 each 
were obtained. The average for these three years shows maxima in July 
and October (see fig. 12). 

In 1910 tWe were no very large hauls, and the thousands were only 
reached at the end of July and the beginning of August—^perhaps the most 
usual time tor swarms to appear in the bay. 

In 1911 the numbers in general were low, but two of the customary large 
swarms appeared in summer, one on July 4tli and the other on July 18th. 

In 1912 the numbers were higher again, and thousands occurred on 
vMrions dates from April to October. The very high record of 50,720 was 
obtained on May 17tb, unusually early for such a large swarm. 

• luss^eldwiporifie muae as 1 am iaelined to agree with Wolfcmden, Esteriy and 
othess Umt die ahoisaetetaiHsd In Uta attempt to Mjieirate ** fimnaioliictts ” and "helgolandieus ’’ 
as spedsa are too iSglrt and iaeemdiwt #0 be reUed npea. 


9* 
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In 1913 the nnmbers were lower, and the maximum was 4(K)!0 on 
Jnly 28th. 

In 1914 the maximnm was 7320 on August 6th. 

In 1915 again the numbers were low, the highest being 3232 on July Ist. 

In 1916 a swarm appeared in the bay on July 11th, when over 12,000 
were taken in a haul. A few days before a similar haul gave only 10 
specimens, and a few days after 200. The average per haul ait Port Srin 
over the ten years is only 268. 

On the whole this record agrees well with that at Plymouth, which is 
“Common on and off from the end of April to the beginning of November, 
generallj present in small nnmbers at other times” (Miss Lebour). 








Fig. lS.—Cabmn$Jbmat^ieu», from a photiHiBilacagn^ by 4 . Seott 

CcUanus finmareUcut (fig. 13), as its spemfic name suggests, is a Bortiiern 
or Scandinavian form with a wide distriWtion through the dolder waters of 
North Atlantic. According to 0vc Paajsun its home and centre of dis¬ 
tribution lies to the south of Iceland.. . 

In Ijooh Fyne on the west coast oif Sootladd, ot Skate Idand, Calmm 
kpjmn to be present throughout the year in great quantities in d^p water, 
at or near ^ bottom, alo;^ wito Enehata norv^j/m »hd 
nofUegic*. For exampl^ in 1907* off Sjkate Island in 104 fethome, we 
oanght 18,0(^ IfkdantM in one vert4^ ha'cdii and <m another: oeoa^ off 
Bald Tari^, in 76 fathqins, ^ Tfe nbtahied 



or DlAfOMS AND dOl^KPODA tN tllB IRISH SKA. 


115 


from the yacht at various localities in the deep lochs on the west coast of 
Scotland large hauls of Calanus by means of vertical hauls when no 
specimens were ol>taine<l at the surface. In fact this Copepod seems to be 
permanently present in the deeper waters of these lochs. 

Tn addition to these deep wafer specimens of Calanus we find on occasions, 
on the west coast of Scotland, large swarms on the surface, which may be 
the result of invasions from the ocean, and there is a considerable amount of 
evidence that such swarms are the cause of local mackerel fisheries. 

Some years ago (19Q9) Dr. E. J. Allen and Mr. 6. E. Sullen published * 
some interesting work, from the Plymouth Marine Laboratory, demonstrating 
the connection between mackerel and Calanus and sunshine in the English 
Channel; and Farranf states that in the spring fishery on the West of 
Ireland tbe food of the mackerel is mainly composed of Calanus. In the 
summer of 1913 we had an experience at Tobermory, in Mull, which I shall 
quote from two letters written from the yacht at tbe time, and published in 
^ ISfature.^ 

“ S.Y. ‘ Runa,’ Tobermory, July 12tb, 1913. 

On arriving in this bay last night we found that the local boats had been 
catching abundance of mackerel close to. We bought some for supper (good 
fish for a halfpenny each), and on dissection found that the stomachs of all 
of them were crammed full of fresh-looking Calanus (the individual Copepods 
being for the most part distinct and perfect), along with a few immature 
Jf^yctiphanes and larval Decapods. Professor Newstead and my daughter 
then noticed, while fishing over the side of the yacht, about 8 p.m., that the 
gulls in the bay were feeding in groups around patches of agitated water 
evidently caused by shoals of fish.' On rowing out to these we saw distinctly 
the mackerel, large and small, darting about in great numbers in the clear 
water, and we also noticed every here and there on the smooth surface of the 
water—it was a beautifully Ciilm evening—innumerable small whirls or 
circular marks which, looking closely, I found to be caused by large Copepoda 
close to the surface. 

About twenty years ago I sent a note to ' Nature/ from the yacht ‘ Argo/ 
in regard to large Copepoda (I think it was A7i(ymalocera on that occasion, and 
the locality was further north, off Skye), splashing on the surface so as to 
give the appearance of fine ruin ; and this present occurrence at once 
reminded me of the former occasion, but here tbe Copepod was Calanus 
finmarchieus of large size and in extraordinary abundance. They could be 
clearly seen with the eye on leaning over the side of the boat, a small glass 
collecting jar dipped at random into the water brought out twenty to thirty 
specimens at each dip, and a coarse grit-gtmze tow-net of about 30 cm. in 
diameter caught about 20 cubic centimetres of the Copepoda in five minutes. 

* Joam. Mar. Bid. Assoc, vol. vifi. (1009) pp. 894*406. 
t Oonseil latsmat fialL 'nimestr. 1903-A PUnktonique, p. 89. 
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'Jlie mackerel were obvioudy darting abont, ocoaaonally leaidng tn 4lie 
surface (which gave the gulls their opportnnitj) where the whirb, nansed by 
the Oopepoda, were thickest, and an examination of the steraaob*conto^ oS 
the fish on the yacht afterwards, showed ns tiiat the amount in one mackerel 
was about the stune quantity as that canght by the tow-net in fi^e mkrates. 
Professor Newstead and 1 liave made a count of 8 c.c. of the tow-net 
gathering, and estimate that it contains about 8400 apeoimens df Calamu, 
This would give about 6000 Copepods in the stomach of an average maekerel, 
ur in a five-minutes' haul of the tow-net, on this Occasion. 



Fie. 14.—^I%otograpli ci ei^pifieBslly taige badk 1000 ex. ia a 
jar) of 0»ktHu» tidiMi ixm flie yacht ^Bsaa’ ia 1^8on the west eosM 
of Seotfauid. The largest biud was estUmted to eonti^ at lesst 
btlf a milliiai iadividiials. 

**It may be added ^ai .these madkerel wmw i^ideotly not-being nourished 
In a^eondhuea with tlie views of. PCitter, imd were dearly able to fill their 
stomedis from the pknktou around. them;'f: ... 

following note, written some weeka later, reeomhi the condnntm el the 
imritor, 00 tor as flat summer's ot^e^timis went i-- 

■' ", '“.'SX ‘ og&to»d:of .ISgg, Aagtttt 1913. ■ 
'^^f)n getting bndk to ^foberipoiy ^,i^^i|td|dny, ve loqnd the phmktoh to be 
' in' ''iMtri^;:n<mtra«i: to. 'Its. greniin' .ago^ ' 1!|m vast, swarm d! 
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Calanids has gone, and there are now no signs of mackerel feeding in the 
bay. In fact, the change has been noticeable for some days in the seas 
outside, and we have not been getting lately the large plankton catches 
that were nsnal in the latter half of July. On July 14th a haul of the 
large surface tow-net, in the open sea off Ardnamurchan, gave such a huge 
catch of CalanuB (al>out 1000 c.c.) that we promptly took a second similar 
haul, and had it cooked as a sort of potted ^ shrimp * confection for tea 
(sampled by ten persons, including the crew, who were much interested to 
try this new edible *fish’) ; while on August 11th a haul of the same 
net, taken at the sanie spot, gave only a small catch of some 15 c.c., 
containing very few Calanids, along with the usual scanty summer 
zooplankton.^’ .... 

The importance of Calanus as a food for migratory pelagic fishes such 
as the mackerel cannot be doubted (see fig. 14). 

PsEUDOCALANUS. 

Pseadocalmut eloiigatm (Boeck) is widely distributed in the North Atlantic 
and is present in the Irish Sea throughout the year (fig. 15). It reaches its 
lowest level in January and February, and has its maximum in late summer 
and autumn (June to October in onr records, generally Septeml)er or October). 



Fiw. l.^i,— JPsettdovedtmuB tlongatw^ frani a photo-micrograph by A. Scott. 

This Oopepod comes next after Oithona as the second most abundant 
species in the Irish Sea, its airerage per haul over the ten years t>eiiig 458J. 

Some of the most important records are 65,200 on May 20th, 1912 ; 
91^960 on October 21st, 1912 j 68,120 on June 24th, 1913 ; , 60,600 on May 
5tb| 1916 ; 59,600 m September 25th, 1916; 58,200 on October 31st, 1912; 
54,350 on July 31st, 1911; and many other records between 35,000 and 
50^000 in these to^^e inontha. 
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Paraoalakus. 

Paraccdanut parvus (Clans) is a soatbara form (fig. 16) wHefa exteQ48 to 
the tropics and has a wide distribution. Tt is present in quantity only during 
autniun and winter in the Irish Sea, being 'practically absent between 
February and July, and having its maximum in ^ptember or October. The 
largest hauls are in autumn, for example, 59,460 on September 7th.; 138,300 
on September 10th; 53,.500 on September 15tb, all in 1914; 61,930 on 
August 24th, 1911; 49,800 on September 8tb, 1910; 49,390 on Se^mber 
7th, 1912; 44,060 on October 24th, 1912 ; itrhile other large hauls in the 
same months range from 2.5,000 to 40,000. 



Pio. 16.—JfVmioalaNif parvus, from a iflloto-nicNgts^ ty A. Scott. 

This is a species that has varied eahfideriiibty to quantity from year to 
year, its average per haul ranging froUa jltS in i9®7 to 5863 in 1914. In 
the present year, 1917, it was especially abimdant at Port Erin in September, 
abug with Oithona. 

OxrsoKA. > 

OUhowj, helffolandtca («* 0, sttUfhs), is the most generally abundant 
Copepod tiirougbont the year in the Irhih Sea; but the months when it is 
tahen in greatest numbers are June to ^Toventber (in^ntdve) with the 
maximum generally in July. There may,.'hoveVer, be a veoond maximum 
later, in October or iSovmber. " ~ 

The fiilowiog may be quoted as exeepiijleually large hauls r— 1%e highest, 
225,450, is on' July 18Ui, 1911, uttd’h^r la^t, £99,300, is on 
Hovwnhw 9th, 1914; then we have 9l»d80 on July 28tfa, 1913,37,530 On 
S^temhier 26th, 1912, and ffi. £4ih, 1910. We faa^ tiwniy 

ciher ioemreia of 44^000 49^^ orM* the moniha Juib ito 

Iluvemh^. j&u h the Colitepod hjg^h^at Uvuage nwaiMr per 
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haal orer the ten years, viz., 8171 (see table, p. 190). Althongh this is a 
small species (fig. 17), still from its very great abnndance it must be o£ 
considerable economic iiD{>ortance as a food-matter in the sea. 



yMMM 


Pia. 17 .—OiUuma hdgolandien, from a photo-micrograph by A. Scott. 


Acaktia. 

Acartia clausi, Qiesbr., is a summer species widely distributed over the 
North Atlantic, and present in greatest abundance in the Irish Sea from May 
to Octol)er (inclusive), and having ^ maximum generally in June, with 
another slighter rise in autumn, September or October. 



Fio. 18 .—AiHoHa cbmi, tVom a photo-micrograph by A. Scott 

l%e following are some of our highest records:—59,490 on June 27tfa, 
1912 I 59,360 on August 24tb, 1911 ; 52,200 on May 20th, 1912: 50,100 
on June lb|d> 1919 ; 44,000 on September 28tb, 1913 ; and 41,950 on June 
171b, 1912. The average of Hua Rpeoies per haul throughout the ten years 
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is 2571. Swarms of this ooeanic species (fig. 18) in sammer may posi^ly bp 
oonuected with an inflow of Atlantic water; bat probably also large niimbers 
appearing locally in enclosed areas may be the resnlt of reproduction and 
development in siiu. 

In some oases Aeartia has been fonnd in annsual abnndance quite close to 
the shore, and even in water of low salinity. 

Towards the end of September, 1217, we emptied for cleaning parposes 
the large open.air fisli-ponds at the Port Erin Biological Station, and when 
most of the water had been pumped out we noticed that what remained was 
swarming with small Copepoda. Every backet and jarfnl tluit one removed 
for inspection was found to be densely crowded*~as densely, in fact, as an 
average jar of plankton r<>presentbg the contents of a standard haul. Some 
buckets of these Copepoda were used for feeding &e lobster larvse and 
some of the onaller fish and other aninaals in the Aquarium, and a small 
sample that was preserved was found to be a practically pure gatiiering of 
Aeartia elauti. One specimen of' Centrvpaget was present in the tube amongst 
many thousands of Aeartia, when Mr. Scott took the photo>iiiicrograpli shown 
in fig. 18. 

TsiconA. 

Temora longicornis (Miill.) is a very local species^ which may be found on 
occasions swarming in great abundance in small areas of the sea, generally 
close to land. It is a suinnier species and its maEimum is generally in June 



Fw. ifastmnseb <rfa Ms^ersL 

ar iuwR;ia lia^ ih 19311, W^htimls ^ 50,^ and 83,400 
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species in oar records are :~~45,530 on Jnly 11th, 1916 ; 43,800 on Jane llib, 
1913; and 34,665 on Joly 26th, 1910. The average for this species per 
haul thronj^ont the ten years is 1234. 

Temora (fig. 19) is ubaracteristio of coastal as opposed to Atlantic water, 
and is the only “ neritic form in onr series. The other five are all nsnally 
classed as “oceanic,’’ bat as I have pointed out above most of them are 
really present thronghout the year in the Irish Sea. 

Temora longieornia is on occasions one of the most abundant of oar 
Oopepoda in the Irish Sea and must be of considerable importance as a food 
for fish and especially for the herring in saminer. In the latter part of July 
and the first half of August, 1917, the shoals of herring to the west of the 
Isle of Man came nn nsnally close to land and even i>euetrated into bays and 
creeks; and daring this time they were feeding mainly, if not wholly, on 



Pio. 20.— Temura Umj/ieoitiis from the “ red patches.” From a 
photo-micrograph by A. Scott. 

Temora. Late in July this Copepod was so abundant that its presence 
caused large patches of a red colour on the surface of the sea off Port Erin and 
aroand the Calf Island. These red patches were noticed by the fishermen, 
and were spoken of amongst them as being “ fish-food ” or “ spawn.” A 
large jarfnl from sneh a red patch, obtained by one of the fishermen, was 
brought to the laboratory and found to be swarming with small Oopepoda, 
which on examination proved to be almost wholly Temora longicomie (fig. 20). 
About one-fourth part of the contents of the jar was preserved, and on being 
counted later on was found by Mr. Andrew Scott to amount to 50 c.o. 
of Oopepoda, consisting of 33,340 Temora and 2 Calanus. Mr. Scott 
estimated the oil present in 9 c.o. of the dried Temora at 2'47 per cent, of 
. the tsoight, which was 0*925 gramme. 

During this same time the men #ere catching herring in quantity uiiusuaily 
uioss inshore in the neighbouthood of the red patches, and on examining, in 
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the laboratory at the Biologioal Station, th« 8tomaoh*<oontonts of a somber of 
these herrings, I found in every case that tiie stomaok contained a maes of 
rod material which was obvionsly, under the microsco|>e, the broken-down 
remains of Oopepodn. A few Orab zoea were recognisable, but the bulk of 
the material consisted undoubtedly of ^ Copepoda. Mr. Scott examined 
5 o.c. of the stoinaoh'oontents for me, and found that it contained 97r> easily 
recognisable $'-|»ecimen8 of Temora. A photograph (fig. 21), which Mr. SeoU 



FiO. Sl.-^Ttmora remains from the Mbu^hs of t^e Herriiijr, 

From a |ihoto*aiicrq(ptaJ& by A. Beott. 

has made from one of ^e microscopic prepa^k^ shows appendages that 
undoubtedly belong to this Copepod, and there in the stomachs 

complete specimens of Temora are to It is not possible to donbt 

that during tiiese weeks, at the height of l^ ^etmtner herring fishery in the 
Irish Sea, tlie fish were feeding mainly ;{[poh this s|:>edk)s of Oope^d. 

We recorded a similar o<!C«»rrence OS' the (.a«tea«dtire coast a few years ago, 
when in July 1913, at the time of an abuudt^ maekeeel fishery off Walney 
Island, the stomachs of some of the fish were '^und to be full either of Temora 
alone or of Temora mixed wij3i Inat and a few other Copefroda (see fig. 19, 
p. 19fi). A few herring from-the Port' Brin fishery of Jaiy 1916 were 
found by Mr. Scott to be feeding maifily on C^lamut. 


. 00K<3LirX>^ 

llAnytood^fishes are known to fi»ed a|iibn ilop^pod plankUm daring at 
least some pdrtkm of thtdr lifis. 'Pfne; It^rings are foequentiy 

ai the time ^ a fishery found,to have stomaclb filled with Jbaehc^a or 

Cakt^. ilkofcerel, in the M^lkh and to the S. W. of Iretand and 

eliewliiiiWa luivo bew reo^ It has been shown in 
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at a time when they are present in great abundance, are feeding on some 
prevalent form of Copepod, such as Calanus or Temora. Other similar cases 
could no doubt be quoted and are known to marine biologists. 

TheUi as to demersal fish—young plaice, after their metamorphosis, feed 
chiefly on the smaller Copepoda, wliile in younger stages the post-larval 
plaice feeds upon Diatoms. We have noticed at the Port Erin Biological 
Station the post-larval plaice with its stomach showing of a golden brown 
colour from the Diatoms with which it was filled, and we have watched in a 
shallow pond the metamorphosed young plaice darting backwards and for¬ 
wards pursuing, cfitching, and devouring the individual Copepoda. It is 
known that these Copepoda in their turn feed in part at any rate on Diatoms, 
so our two main constituents of the plankton are undoubtedly concerned 
in the nourishment of either young or adult fishes useful to man. 

The association of shoals of flsh with abundance of plankton is the 
result of the fact that, in order to get an adequate quantity of planktonic 
food, the fish must seek out and capture the Copepoda. In other words, the 
fish must go where the plankton is abundant and must in its movements 
follow the movements of the shouls of (!!opepoda. It is the very poverty 
of the plankton in some seu-areas, insisted on by Piitter, Lobmann and 
others, which makes it necessary for plankton-eating fish to move about 
in search of more abundant supplies. 

Consequently it is of importanbe to show, as we now can, that in our 
coastal seas at least, where the fisheries we are interested in take place, the 
plankton is not uniformly distributed. Many of the Copepoda occur very 
definitely in local swarms, and various localities and depths arc cliaracterised 
at the different seasons by particular assemblages of plankton. It is 
therefore reasonable to believe, in view of the facts given above as to the 
association of fish and plankton, that these variations in the distribution 
must have a marked effect upon the presence and abundance of at least 
such migratory fish as herring and mackerel, and also of the shouls of post- 
larval young of many of our other food-iishes. 

No less than three masses of sea-water of different origin and character 
may enter or affect the British seas in varying quantity, viz.:—(1) Arctic 
water such as normally surrounds Iceland and the east of Grreenland, and 
may extend further southwards and eastwards towards Norway, the Faroes, 
and Shetlands ; (2) Atlantic Qult-stroam Drift ”) water which impinges 
on the western slmres of Ireland, and may flood the English Channel and 
extend round the Shetlands or down into the North Sea ; and (3) Coastal ” 
water such as flows out from the Baltic and, mixed with the other waters, 
bathea the coasts of N. W. Europe generally, and io a large extent surrounds 
the British Islands. 

The Irish Sea may be regarded as primarily an area of coastal water, 
which is, however, liable to be periodioally invaded to a greater or less extent 
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by bod»8 of warmer and salter Atlantic water (reinforced poaaibly Igr por> 
tions of a deeper oatfiowing Mediterranean oorrent) oarrying .in ooeanio 
plankton, and more rarely perhaps by ^Norwegian or Arctic watmr oanaing 
an invasion of northern organisms. The variataons wfaioh we find in different 
years in the nature and amount of the pknkton at the same localities no 
doubt depend to some extent upon the volume and period of such sootimm mr 
northern invasions; but they may depend also upon other factors, 8U<^ as 
the weather (temperature, sunshine, rmnfall, wind, etc.) at the time, and 
previously. 

Of the six Copepoda discussed above only ohe>-7bmofa-«-is a neritio form l 
the others are all usually regarded as oceanic, that is as having their true 
home mid centre of distribution somewhere to the north, west, or south in 
the open Atlantic. 

The following list gives an approximate indication of what is supposed 
to be the source of these five ooeanio Copepoda:— 

Calaitm. —N. Atlantio, about Iceland (“Boreal oceanic"). 
iWa<!ahinu«.—Southern, temperate and trofocal Atlantic. 

Pteudoealantts. —N. Atlantio (“Boreal oceanic*’). 
biihona. —^N. Atlantic (“ Boreal oceanic ”). 

Aeartia. —N. Atlantic (“Northern 8tyli*plaiticton ”). 

Some no doubt live on during the year in the Irish Sea, but these indi> 
genous populations are probably reinforced by waves of imnugration from 
outside. 

In the ease of our Diatoms some of the speo^ ^ a genus may be nOritio 
and others oceanic, as is shown in the following list, where (N.) stands for 
neritic and (0.) for oceanic, and a (?) indicates that the evidence seems to 
me conflicting or inconclusive *:— 

MidvlpUa moUlUnm (N.), B: sineruU (6.), 

Cotcinoditctu ra^atug (0. ?), C. eoneimut (N.), €. dfmi (N.), 

Laudena borecdis (N.). 

Chtetoeeras horeale (0.), C. criopkihm (0*), €% dec^pimt (0?), C> deruttm 
(0.), C. eontortvm debiU (N,)V <7. «^admd (N.), C- »odale (N,), 

C. tuhtrls (N.), C. (N.).' 

7 hakunodra gravida (N.), T. Nmkndddldi (N.). 

BUzoudema alala (&.}, B. ifemuimd (0.), B. tttigmt (K^)i B. Skrubt<dd 
B. StdttrfatM (B,?}. ' ■ v *, 

6himirdiajdaveUa{S'.f). ; ' 

It remwlusble how smell a nnpb^ of fona# tpake up Abe bulk of tlie 
maCrOT|ilat&tra .throughout the yean, ^ese half«4oEen kinds ^ Diatoms 
aiid Copepoda are'^;^ m^janisms upon wlfloh our 

. * ^ EtoW Ms d mwe ago ^ hg a«d»sa and 
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fate depends so far as concerns food from the sea. That shoals of migratory 
fish such as herrings and mackerel are attracted in summer and autumn by 
dense swarms of certain Copepoda such as Calanus and Temora can no 
longer be doubted; and there is abundance of evidence that earlier in the 
year the young stages of other food-fishes, such as plaice, are nourished first 
by Diatoms and when larger by the smaller Copepoda. These conclusions, 
however, do not finish the matter. There remains in the sea the much more 
minute Protozoa and Protophyta of the Nannoplankton, which to a large 
extent escape through the meshes of our plankton nets and which are doubt¬ 
less of great importance as the food of Copepoda and other large organisms 
which in their turn nourish fish. 

There are several other interesting lines of further investigation which 
open up as collaterals from plankton investigation. One of these is the 
origin of the great vernal phytoplankton maximum. In the spring there 
is an awakening of the plant-life of the sea comparable to the growing of the 
grass and the budding of the trees on land* This, cannot be dne to any rise 
in temperature, as the sea at the time that the t)iatoms start their active 
growth and reproduction is at its coldest. We have series of observations 
extending over more than ten years showing that the water of Port Erin bay 
is generally of lower temperature in March than in December or January. 
Of the various causes for the rise in the Diatom curve in these cold waters 
of early spring I have for some years * regarded with greatest favour the 
view suggested first by Sir John Murray, viz., the increase in sunlight at 
that time of year. In that case it would be a photosynthetic phenomenon— 
the increased solar light energy enabling the Diatoms to obtain from their 
environment by photosynthesis the materials required for their growth and 
reproduction. The view that the spring increase in plankton is due to changes 
in the alkalinity of the water does not in my opinion confiict w'ith the photo¬ 
synthesis theory but is supplementary to it. The position in regard to the 
relation lietween variations in alkalinity and in the plankton, in onr district, 
is as follows :— 

Tlie sea around the Isle of Man is a good deal more alkaline in spring 
(say April) than it is in summer (say July) ; and during the years 1912-14 
Professor Benjamin Moore, by examining samples of sea-water periodically 
at the Port Erin Biological Station, was able to show t that the alkalinity, 
which gets lovf in summer, increases somewhat in autumn, and then decreases 
rapidly, to disappear daring the winter; and then once more, after seveial 
months of a minimum, begins to come into evidence again in March and 
rapidly rises to its inaximnui in April or May4 This periodic change in 
alkalinity will be seen to correspond roughly with the changes in the living 

• 8iie "Intensive Sttidy^ ftc.” Part HI. p. 260, 1910, Trans. Biol, Soc. IJverpool, xxiv, 

t Tiwis. BloL Soc. Idveipool, xxix. (1916) p, 2^ 
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microscopic contents of the sea represented hy the phytoplanldon annual 
carve, and the connection between the two will be seen when we realise that 
the alkalinity of the sea is dne to the relative absence of carbon dioxide. In 
early spring, then, the developing myriads of Diatoms in theit metabolic 
processes gradnally nse np the store of COj aconmnlated daring the winter 
and so increase the alkalinity of the water, till the maximnm of alkalinity, 
dne to the redaction in amount of earbon dioxide, corresponds with the crest 
of the phytoplankton curve in, say, ApriL Prof. Moore has oalcolated that 
the annual turn-over in the form of carbcm which is used np or converted 
from the inorganic into an organic form probaUy amonnts to something of 
the order of 20,000 or 30,0(K) tons of carbon per cubic mile of sea-water in 
the Irish Sea; and this probably means a production each season of about 
two tons of dry organic matter, corresponding to at least ten tons of moist 
vegetation, per acre—which shows that we are still very far &oni getting 
from oar seas anything like the amount of possible food-matters that are 
produced annually. 

Testing the alkalinity of the sea-water may therefore be said to be merely 
ascertaining and measuring the results of the pbotosynthetic activity of the 
great phytoplanktmi rise in spring due to the daily increase of sunlight. 

Other possible causes, more or 1^ related to the above, have been suggested 
-—each as Brandt’s hypothesis that the fludtnations in the phytoplankton 
depend upon the accumulation, and then the exhaustion, of necessary 
inorganic food-matters in the water, such as nitrogen or phosphorus com¬ 
pounds or silica ; and the view of Nathansi^n, Gran and others that vertical 
onrrents, carrying up food-matters from ^ deeper water, have a powerful 
effect upon the seasonal development of iut^aoe plankton. These may be 
contributory causes or may be effective Jfowlly, or on occasions; Jbut it seems 
probable that a widespread phenomenon of enormous amount such as the 
vernal increase of phytoplankton must depepd npon an equally widespread 
and powerfully-acting cause such as the r»{nd inorease in the amount of 
solar light energy which marks the lengthmiin^ days of the year in early 
spring. 
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THE PERCY SLADEN TRUST EXPEDITIONS TO THE ABROLHOS 
ISLANDS (Indian Ocean). 

Under the Leadership of Prof. W. J. Dakin, F.L.S., P.Z.S. 

Report I.—Introduction, General description of the Coral Islands forming 
the Houtman Abrolhos Group, the Formation of the Islands. By W. J. 
Darin, D.Sc., F.L.S., Professor of Biology, University of West Australia. 

(Plates 10-14, and 12 Text-figures.) 

[Read 1st February, 1917.] 

INTRODUCTION. 

Shortly after my arrival in Western Australia in 1913 ray attention was 
drawn to the interesting position of certain coral islands known as the 
Hoatraan’s Abrolhos Islands. I determined to visit the group at the earliest 
possible date, and to this end applied to the Trustees of the Percy Sladen 
Trust for a grant in aid. An expedition was planned and left the Australian 
Coast in November 1913 for the islands. On this occasion I was fortunate 
in having a very able colleague in Mr. W. B. Alexander, M.A., of the West 
Australian Museum, and the grant of the Percy Sladen Trustees was 
supplemented by aid from the University of West Australia and the West 
Australian Museum. Part of our equipment was conveyed direct to the 
islands from Fremantle, but the personnel with the rest of our apparatus 
and stores, etc., travelled by train to the port of Geraldton, where the fishing 
lugger ‘ Queen,^ a boat of 22 tons, awaited us. The ^ Queen ^ is one of a fleet 
of fishing-boats which makes Geraldton its headquarters, and fishes the waters 
round the Abrolhos Islands, and as far north as Shark’s Bay. 

Geraldton is a port of about 3500 inhabitants, situated on the coast of 
Western Australia in latitude 28® 46' S. Although only a small town it 
ranks as the second or third port in Western Australia, and is the centre for 
a large agricultural and pastoral area, as well as the Murchison goldfield. It 
marks the most northerly point on the coast which can be reached by train 
from Perth, and it will be seen on reference to a map that a great length of 
the coastline of Western Australia remains to the North and can only be 
visited with difiSonlty. There are a few ports which are reached by regular 
steamers from Perth, but between these places the coast might almost still 
be termed unexplored ; this certainly holds good, from the biological point of 
view, for the entire coast north of Geraldton with the exception of Shark’s Bay. 

The Abrolhos Expedition of 1913 extended over a period of three weeks, 
during which time we worked the ^ Queen ^ from islet to islet, and 
combined shore. collecting with biological and geological observations on 
the islands, and gome dredging in the lagoons and between the island 
JOUBN.-rtaOOLOGY, VOL. ttXlV, 10 
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groaps. Extensive collections resnlted and many observations of interest 
and importance were made. As a result it was felt highly desirous that a 
supplementary expedition should be arranged as part of a scheme embodying 
the invofltigatjon of the North-Western Ooast. Fortunately the authorities 
at home came once more to the rescue, and with the aid of a further grant 
from the Percy Sladen Trustees, together with help from the Royal Society 
Grant Committee and the British Association, a second expedition was 


Text-figure 1. 



Oewwal Map of the HoutauM AMihoa JbUutds. 


made possible. On this occasion I was assisted by my colleague, Mr. A. 
Oayser, B-So^ Assistant Lecturer ia Biology, Unwersity of West Australia. 
Thd fishing logger ‘Ada* was chartered and we left Geraldton for the 
Ahrolhos in October 1915, fotv woeks being spent amongst the islands. I 
was fortunate in having more hydro|praplnc equipment at my disposal on 
the seoead expediti^, and a rowboat fitttid with a motor was of invaluable 
service in connection with work in the lagoons^. I can heartily recommend 
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this very cheap type o£ motcr craft for use in sheltered waters such as those 
of the lagoons. It was even possible to dredge with a small instrument 
2 feet long and weighing, without, sinkers, 12 lbs., in a most satisfactory 
manner. Much more time was spent in dredging on the second expedition, 
the small dredge being worked from the rowboat in the lagoons, whilst an 
Agassiz trawl was used from the lugger in the more open waters. On both 
expeditions the skippers and crew were Scandinavians and they helped 
enthusiastically in the work. 

On both occasions we took with us camp equipment. The w'orking plan 
was as follows. The lugger was sailed to a convenient and sheltered 
anchorage where we intended to work, and usually quite close to an islet 
(large or very small as the case might be). A camp was then set up on 
shore, where my colleagues and myself slept, whilst the crew remained on 
board* Two or three days might be put in at one anchorage in this way, or 
we might shift lugger and camp every day according to the work carried 
out. On some occasions the shore collecting, surveying, and work in the 
lagoons with the dinghy, occupied all our efforts, so that the lugger was left 
undisturbed for several days. On other occasions when the weather was 
suitable for dredging in the open sen, we would start early in the morning 
and leave our camp on shore, to return in the afternoon with the spoil, 
which needed sorting, labelling, and preserving. 

One of the great difficulties in connection with work at the Abrolhos 
Islands is to find the right kind of weather. For the greater part of the 
year the winds and sea are too unruly for continued woi'k in these waters, 
except from a large vessel, and a large vessel could not be used amidst the 
coral islets. It appears that the best times are between the two well-marked 
seasons, Summer and Winter (dry and wet seasons), ue. the months of 
October and November on the one hand and April and May on the other. 
Both of our expeditions were carried out between winter and summer, but 
we were not nearly so fortunate on the second occasion, although longer at 
the islands. On one occasion we hung with two anchors out whilst a gale 
blew for twenty-four hours ; a nasty coral-reef, just submerged, was situated 
only about twenty feet behind our stern. No accidents happened, but our 
work was delayed for several days owing to the bad weather* On another 
occasion, however, the ocean swell was so reduced to leeward of one of the 
islands that we were able to follow the outer reef and examine it from the 
motor dinghy. 

Reversing thermometers were used on the second expedition in conjunction 
with the Ekmann water-^bottle, but we were too short of workers to initiate 
a scheme for the complete oceanographical investigation of this region and 
were forced to be as economical as possible* Our plankton hauls were made 
obie% wi& the object of comping the plankton of the lagoons with that of 
ti)e ocean outside^ and lor this purfiose we usually alined at taking hauls in 

10* 
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both places on the same day, and about the same time. The catches have 
not yet been examined in detail, but it was fairly obiious, each time, that 
the plankton of the lagoons contained large quantities of dead organisms and 
much debris. On the second expedition blasting gelignite was tried as an 
experiment for the capture of fish. A detonator was pushed into a stick of 
gelignite, and, after lighting the fuse, the whole thing was thrown overboard. 
It only worked satisfactorily over the reefs in moderately shallow water, but 
we could often throw it amidst shoals of coral-haunting fish in these regicms. 
The burning fuse appeared to attract the fish neau'er to tbe explosive rather 
than frighten them away. After the explosion, numerous fish would appear 
on tbe surface. They were not usually dead, but swimming just us if the gas- 
bladder were distended. Some species did not rise at all, and it would appear 
that the ascent of the fish immediately after the explosion is not due to death, 
but to physiological conditions following the shock. 

Another experiment was the use of chloride of lime as a poison in rock- 
pools. This was suggested to me by Professor Starr Jordan and worked 
very well, but owing to the tides being rather poor and the wind high ' 
on many days when we could have utUiaed this, it was only tested on a 
few occasions. 

The Houtman’s Abrolhos lie about 40 miles away from the coast of 
Western Australia, on the very edge of the continental shelf in ladtude 
40' S. (see map, text-fig. 1). The depth of water over the shelf 
between the Abrolhos and the mainland is very uniform and averages about 
25 fathoms, whilst the same depth occurs between tbe difierent groups 
of islets. A few miles west of ^em the sonnding'Jine gives depths of 
hundreds of fathoms. 

Unfortunately, the Abrolhos Islands are poorly charted and small maps 
on a reasonable scale deal only with Wo of them, together with a small area 
of lagoon in each case which was probably considered to be well sheltered 
and providing good anchorage. There are no lights of any kind on the 
islets, and in consequence the fishermen, who have spent years about this 
area, will not approach close when tbe sun has set. As a matter of fact, 
navigation in the lagooins and about the small islets is only safe whmi the sun 
is fai|^ and a hand stationed in tbe rigging can spot tbe submerged cmal- 
reefs which occur here and there. Uoastal steamers give the Abrolhos 
a wide berth, but hu»e than one ship has ;finished her life on these barren 
reefs. In fact, the histmry of the islands almost ^commences with a wreck 
(1429) and the cinal reef of the Pelsari Island' is to-day dotted with the 
seatteted remains of a steasnm, the'* Windsor,'which became a total wreck 
a few years ago. ^ 

Ishuids in such a position aS ^ ,Abrolbos<--in close prmumity to a 
coDtidmt--^are fufi of intmest to ^ hioh^^ and thhi is espeoiidly the case 
whna 4htiy are corai isbrn^;. It h- not surpi^g to. fiW that they 
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have already been visited by one or two collectors. They were discovered by 
the Dutch navigator Houtniun in the year 1619, but the name Abrolhos is a 
contraction of a Portuguese phrase meaning “ keep your eyes open/' They 
are now more frequently called the Abrolhos Islands. The West coast of 
Australia was known before this date, and Seville Kent is quite incorrect 
in stating that it was Pelsart’s discovery of the Abrolhos (1629) that led 
to the earliest recorded discovery of the great island-continent of Australia/' 

The wreck of Pelsart’s ship (one of the Dutch East Indian Co.'s vessels) 
in 1629, led to one of the most romantic episodes in the early history of 
West Australian exploration. 

Pelsart in command of the ‘ Batavia' left Texel on October 28th, 1628, 
for the East Indies in company with several other ships, all of which were 
equipped and commissioned by the Directors of the Dutch East India 
Company. The ships became separated and the ‘ Batavia,' continuing her 
course alone, got among the coral reefs of the Abrolhos Islands and struck 
before sunrise on June 4th, 1629. Trouble followed thick and fast, and the 
tribulation of the passengers was accentuated by the drunkenness and 
disorderly conduct of the soldiers and sailors. The ship's company were, 
however, eventually landed on two of the small islands of the lagoon in the 
Pelsart Atoll, and much of the provisions and treasure was also salved. 
Unfortunately, there was a great lack of water, and as we have already seen, 
little or none is to be obtained on these islands. This trouble accentuated 
the spirit of unrest which had broken out, and Pelsart finally decided to set 
out and seek for water. A section of his crew appeared to be very ripe 
tor mutiny. 

For a few days the islands were investigated for water with little success, 
and then Pelsart set off to the mainland. The mainland, however, seemed to 
offer no better [prospects, and for some time the men were unable to land 
owing to the surf. Drifting northwards some of the crew eventually made a 
landing by swimming ashore, but an inhospitable country dispelled all hopes, 
and ultimately Pelsart decided to make for Batavia in order to seek 
assistance and report to the Governor the misfortunes which bad befallen 
them. He reached that place safely on July 5tb, after a journey of upwards 
of 170U miles in an open boat. 

Tragic events bad in the meantime taken place at the Abrolhos Islands. 
The Supercargo of Pelsart’s ship, a thorough villain, named Oornelis, 
resolved to take up the life of a pirate on the high sens. To this end, he and 
his accomplices determined to murder iti cold blood all the ship's company 
(220 souls) with the exception of about 38^ and then capture the rescue 
vessel which Pelsart was expected to bring back with him* By this time the 
passengers, soldiers, and crew wqre occupying three of the lagoon islands, 
some of them having moved to the third in search of water. Oornelis and 
his CGftnpany were on the largest island. The murders were carried out on 
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tvo of the islands, only a few hoys and some women being spared. A 
few men escaped, liowerer, from this hell and reached the third island with 
the news, wiierenpon the party (now forty-^ve in all) led by a man named 
Weybehays resolved to defend themselves. Cornells, who had assomed the 
title of Captain-General, sent two expeditions against them, but these being 
defeated be determined to gain his ends by more subtle means. Unfortunately 
for himself, he was hoist with his own petard, taken prisoner, and some of his 
men were killed. The rest of tlm mutineers remained on tiieir islands 
awaiting the arrival of Pelsart, who had been given assistance and a ship at 
Batavia. He reached the Abrolhos on September 18, eagerly awaited by 
the two opposing parties, but fonr of the third island defenders managed to 
reach him first and acquainted him with the sad state of affairs. When the 
mutineers arrived to capture the ship, Pelsart and his men were ready for 
them. The boarding party was captured, and the rest of the ruffians on 
their island experienced a like fate.. After an investigation of the tragedy, 
Cornells and his associates were tortured and put to death—they had 
murdered over 120 innocent sonls,—two other prisoners were marooned on 
the coast, the survivors of the wreck and mutiny eventually reaching 
Batavia in safety. 

The disaster to Pelsarfs ship was not the only one experienced by the 
Dutch at the Abrolhos—for which reefs their ships seemed to have an 
unfortunate liking. The ‘ Lnytddorf ’ is supposed tb have been lost here in 
1711, whilst in 1727 the ‘Zeewyk' was wrecked on the western reef of the 
Pelsart Atoll. 

Pelsart described some of the forms of life met with <m the islands and in 
so doing gave a most interesting account' of the wallaby {Macroput eugenii, 
Desm.) which still abounds on two of the islands. This was one of the first 
written descriptions of a member of the kangaroo family to be given to the 
world. The diagnosis runs as follows :—** Besides we found in these islands 
large numbers of a species of ogts which are very strange creatnres. They 
are about the size of a hare, the head resmnbling tiie bead a civet oat, the 
fore paws are very short, abpnt the length of a finger, on which tiie animal 
has five small nails or fingero resembling those of a monkey’s fore paw. The 
two hind legs on the contrary are upwards of half an ell in length, and it 
walks on these only on the fiat of the heavy part of the leg so that it does 
not ran very fast. Its tail is very long ttike that of a Icmg-tailed monkey. 
If it Mt it sits on its hind l^s and toud^eO its food with its fore paws jnst 
Hke a squirrel or monkey. 

*'.T3»dr manner of generation or, procreation is’exceedingly strange and 
highly worth observing. Below Iho helly the femalo carries a pou^ into 
which yon may put your han<i^'^ Inside this {much are her nipples; we have 
found daat the young ohSs up potmh witii the nipple iu thcdr 

mouthi.' We have seeu imme 
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size of u bean, though at the same time perfectly proportioned, so that it 
seems certain tiiat they grow there out of the nipples of the inaiiiinsB from 
which they draw their food until they are grown up and ready to walk. 
Still, they keep creeping into the pouch even when they have become very 
large and the dam runs off with them when they are hunted.’’ 

It is worthy of note that the Abrolhos Islands were charted by H.M.S. 
‘Beagle’ under Wickham and Stokes a few years after Darwin’s famous 
voyage in that ship. The vessel was some time at the islands and obser¬ 
vations were made on the tides and specimens of the fauna were collected. 
Most of the names of the islets and passages were given at this time. 

Darwin himself refers to the Abrolhos Islands in his famous work on 
Coral Beefs. He had, however, very little information concerning them, 
beyond that reported by the surveying ships. 

The only serious biological investigations of the Abrolhos prior to our 
visits were made by naturalists who were attracted by the bird-life. One 
marine biologist, however, had visited the islands, namely Seville Kent. 
Whilst making a survey for the Government of Western Australia in 1894, 
this keen naturalist paid a flying visit to the Abrolhos. He was evidently 
impressed by them, for in the preface to his work ‘The Naturalist in 
Australia,’ he writes (referring to the development of the scientific poten¬ 
tialities of the country) :—“As an indication of the leading position Western 
Australia is eligible to occupy with relation to one important biological 
subject, reference may be made to that chapter which deals with the Houtman’s 
Abrolhos. As there demonstrated, very exceptional facilities prevail at that 
place for the conduct of reef-boring operations and for the prosecution of all 
methods of investigation relating to coral and coral-life.” 

A considerable number of terrestrial vertebrates, particularly lizards, were 
obtained by Gilbert, who visited the islands on behalf of Gould the ornitho¬ 
logist. Those specimens have been described in the British Museum 
(Catalogues on the Lizards, Snakes, and Batrachia respectively. After Gilbert’s 
collecting excursion, the next naturalist to visit the Abrolhos was A. J. 
(Campbell, F.L.S. A paper on the zoology of these islands by this worker 
appeared in the Reports of the Australian Association for the Advancement 
of Science, Melbourne, 1890. Campbell visited this group in December, 
1889. Beyond a few remarks about the Mammals and Reptiles he deals only 
with the bird-life. Campbell states that the Abrolhos form the greatest 
“rookery for sea-birds in Australia, and by reason of their geographical 
position in the sub-tropics, perhaps afford suitable breeding grounds for a 
greater number of species than any other distinct or limited spot in the 
world.” 

The next paper to appear dealing with the Abrolhos was a short article 
by Helms, who visited the islands in 1898. This author names several plants, 
s|keaks in a general way of the corals and fishes, and devotes most attention 
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again to the bird$. Another paper on the bird-life was written by Cbaa. Q. 
Gibson and published in the ‘Emu/ 1908-1909. 

It will be seen that whilst the mammals, birds, reptiles, and amphibia hare 
been referred to by three or four i^isitors to the Abrolhos, nothing in any 
detail has been published on the marine fauna beyond the work of Saville Kent. 

Kent considered that the marine fauna of the Abrolhos was essentially a 
blend of tropical and temperate species. The tropical species were not to be 
found on the adjacent coast. Rich Coral growths were to be seen everywhere 
(the islands were stated to be almost entirely composed of coral), but the 
living species were not the extra-tropicuil forms to be seen on the coast in 
this latitude, but were tropical types. 

The Percy Sladen Trust Expeditions to the Abrolhos Islands in the yeai^s 
1913 and 1915 have been conducted, in the first place, for an investigation 
into the structure and formation of these coral islets, and in the second 
place for the purpose of collecting information regarding the fauna and^ 
marine flora of this region of the Indian Ocean and West Australian coast. 
In connection with the latter, aim we were particularly interested in the 
statements made by certain authors (Saville Kent, and Michaelsen of the 
German Expedition to South-West Australia) that tbe marine fauna of 
the Abrolhos was entirely different from that of the coast in the same 
latitude and only 40 to 50 miles away. We have collected some data with 
regard to the Hydrography of these regions, hut it is extraordinary how 
little is knovrn even of sea temperatures on the Australian coast, while 
numerous problems await investigation in connection with the tidal 
phenomena. It is a pity that the means of c<>iumunication along the West 
Australian coast should be difficult and costly^ but probably in tbe future, 
when this large State haa its present vast spaces occupied by energetic 
emigrants, these difficulties will disappear. Tbe time may even come when 
the scientific investigation of these coastal waters, with their valuable 
products of pearl-shell and flah, will be recognised as of just a little 
importance. 

The present paper is concerned with a general description of the Abrolhos 
Islands and includes an account of their structure and formation. Other 
papers will follow dealing with the collections obtained on tbe two expeditions. 
One paper oh a new specif of Enteropneii^sta has already been completed. 
A short account of the VertehrateSr "by; Mr. W. B. Alexander^ M.A., is also 
ready. The Sponges are now in the hands of Professor Bendy, and Professor 
W. A* Herdman has the Asddiaxuu T]b ]^Iothur||sns are being worked up 
by Bt. Pearson of the ColpmW Museum, the other Eobinoderms by 
Ij. i^rke. The remainln^^groups.have not yet been distributed owing 
to the liUslodatiou cf work eons^Ui^t ^;the war, 

: f he the morine^ fauna bC/%ho Abrolhos Begicn end the North¬ 
west Australia to biolci^cml work 



HOUTBUN ABB0LH08 ISLANDS. 


135 


at Ceylon, and in particular to that of Stanley Gardiner at the Laccadive 
and Maidive Islands. We have found the reports of Stanley Gardiner’s 
expedition, both on the fauna and the formation of the islands, of very 
great service. 

GENERAL DESCRIPTION OF THE ISLANDS. 

The islet group of the Abrolhos extends between 28^ 15' and 29® S. lat. 
and consists of a large number of islands, the smallest of which are only a 
few square yards in area and generally uncharted. There is urgent need of 
a survey, for the maps of the islands leave much to be desired and we often 
had evidence of the inefficiency of the charts. 

The archipelago (for such it might be termed) is about 50 miles in length, 
and the islands occur in four groups. The most northerly group consists, 
however, of a single island, North Island, whilst the others (the Wallaby, 
Easter, and Pelsart Groups) comprise a number of islets which according to 
our views are closely related to one another. These four collections of 
islands are separated by channels whose depths are approximately the same 
as those between the entire Abrolhos Group and the mainland. 

It may be noted as a characteristic feature, that all the islets occur on a line 
running roughly N.N.W.-S.S.E. Furthermore, if an island is much longer 
than it is broad (and this is frequently the case), the long axis usually runs 
almost north and south. The submerged reefs are often found to be running 
in the same direction. 

It is usual to leave Geraldton about midnight or early in the morning, so 
tliat the islands will not be reached before the sun is well up. It is difficult 
to observe submerged reefs if the sun's rays are striking the water very 
obliquedy. As a matter of fact, on each occasion that 1 have visited the 
islands the night start was quite unnecessary, for unfavonnilde winds and 
rough sea prevented us sighting the islands until late in the following 
afternoon. 

Owing to the low elevation of the islands (usually about 8 feet above sea- 
level), with the exception of some to be mentioned presently, they are not 
seen until one is quite close. The picture presented is somewhat uninteresting, 
for the vegetation covering them is very scanty and consists of low bushes. 
No palm trees occur whatever, the largest plants being mangroves, but these 
are by no means common and occur on the lagoon Hats, so that they are 
rarely visible from the sea. The gorgeous pictures made by the living coral 
below the glass-like surface of the water of the lagoons more than makes up 
for the uninteresting appearance of the surface of the islands. Coral is 
everywhere in evidence and appears to be growing luxnrionsly, although the 
Abrolhos are situated on the extreme southern limit of coral-reef formation. 

The islands would be quite uninhabited were it not for a few guano 
workers who oome over for the summer months only^ and frequent some 
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unall iaiand or part of a larger one. 31ie fiahing loggers are, however, vei7 
frequent visitors. These boats are chiefly manned by Itolians or.Soandinavians 
and sail from Fremmitle or Geraldton. They may fish in the deeper waim’s 
round the islands, or send one or two small l^ts amongst the reefs, whilst 

Text-figfure S. 



leeejping the loji^r doling ^ flay^. At. night, the noadmons aheltwed 
r«^iena',htiwMm the i4<Ai are. awifliab^'aafl m oese «f storms a mdy haihonr 
%.|dr pd^tet 'oiai, it is mmlees t^ing to enter 
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North Island (see map^ text-fip;. 2) is the most northerly of the Abrolhos 
Group. ^ It is situated about nine miles north of the Wallaby (or Wallabi) 
Isles, and is about one square mile in area. The Wallaby Group proper 
(see map, text-fig. 2) consists of two large islands, the East and West 
Wallaby Islands, and a number of small ones which are either unnamed or 
bear local names given by the fishermen. The West Wallaby Isle is the 
largest of the Abrolhos Group. 

About 14 miles south of the Wallaby Group is situated the Easter Group 
(see map, text-fig. 1, p. 128). The largest of this collection of islands is Rat 
Island, which, however, is much smaller than either the East or the West 
Wallaby Islands. 

The Zeewyk Channel (about seven miles across) separates the most 
southerly islands of the Easter Group and the northern reefs of the Pelsart 
Group. The largest island of the latter group is Pelsart Island itself (called 
Long Island by the fishermen), an islet of considerable length extending to 
the extreme south of the Abrolhos archipelago. Although far exceeding all 
the other islands in length, being roughly eight miles long, Pelsart Island is 
in most places only a few hundred feet across, and much of this consists of 
heaped coral fragments. The Pelsart Group takes much more closely than 
any of the other groups the form of an atoll, a somewhat triangular atoll, 
with the apex directed towards the south. Pelsiirt Island forms part of 
one side of this triangle. A distinct resemblance is to be traced in the 
Easter Group to the atoll, but this question will be considered in detail when 
describing the structure of the difieroiit islands. 

Saville Kent stated that all the islands of ike Houtmau’s Abrolhos were 
coral formations with the exception of cerlaiii of the Wallaby Group. In 
this region plutonic rocks were said to occur corresponding to those of the 
mainland and having an elevation of some 30 or 40 feet. It is difficult 
to understand to what particular rocks Kent referred, but in any case his 
remarks are incorrect. The Wallaby Islands were carefully examined and, 
although they are much larger than the other islets and attain the greatest 
elevation, there is no trace of any rock other than recent limestone. All 
the Abrolhos islets are coral formations. 

The nearest rock of KenPs platonic type on the mainland is granite. 
This has been met with in Geraldton at a depth of 420 feet and it 
also occurs down the coast. It may be pointed out here that Michaelsen 
and Hartmeyer in their introductory section to the ‘ Fauna Sudwest- 
Australlens ’ speak of the coastal limestone near Fremantle as being 
uplifted coral-reef. This is also quite incorrect, and it is curious that these 
Gorman workers failed to notice it. The limestone of the Fremantle coast 
has been formed by the action of water on vast accumulations of drift sand 
containing much calcium carbonate. The uplifted coral limestone of the 
Abrolhos is qnite different from this seolian limestone of the more 
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The Abrolbos Islands are favourite nesting pliboes of sea-birds, the chief 
breeding season being about the months of October and November. During 
these months enormous numbers of Noddy Terns, Sooty Terns, and Lesser 
Noddies frequent certain islets and the bashes are covered with their nests. 
They rise in hundreds as one passes across the islets, although many stop in 
their nests and refuse to budge unless pushed off. Wherever the coral 
surface is covered with deposits of sand, etc. the excavations of Mutton- 
birds abound. One falls through into them at every other step. As might 
well be imagined, vast accumulations of guano have been formed on the 
Abrolhos and this was removed on a large scale in the early nineties. 
Wooden jetties were built and long trackways put down on the Wallaby 
Islands. Moderately sized vessels called for the fertiliser, which was shipped 
out of the State. Up to 1898 the records show that 55,000 tons of guano 
had been excavated and exported. The work is still carried on during the 
summer months by Mr. Fullowfield of Geraldion, who has the concession 
from the Government for this purpose, but the amount now shifted is small 
indeed coinjmred with that of earlier days and it is not allowed to be 
exported out of the State. The guano deposits have covered the coral 
surfaces of the islands with a layer a foot or more in thickness. I'he first 
step in the process of collecting consists in the removal of all plant-growths 
from the area being worked. Large loose coral blocks are then picked out of 
it and shicked, and the rest is shovelled away and screened so that all the 
small stones aro removed. The residue is trucked to the jetty and liagged for 
shipment to the coast. When the guano deposits are removed in this way, 
the material is stripped so that the limestone surface of the island is 
exposed. This is often quite flat and smooth, for the action of the rain, 
the guano deposits, and the coral has resulted in a compact and rather 
hard surface limestone. The appearaqpe of such an island afterwards is 
often curious. The surface is brushed clean of all sand and deposit, whilst 
walls appear to have been constructed in all directions—they represent the 
stacked coral blocks picked out of the guano. < 

The invasion of the islands by guano, workers has had an appreciable 
effect upon the land flora, which consists almost entirely ^ xeropfaytic and 
halophytic shrubs, and many of the plants have been introduced from the 
mainland. So far as the fauna is concerned the guano workers do not seem 
to have affected it very much, if at all, that rats became a plague on 

Bat Island and cats were introduced to keep down the pest. The rats no 
longer exist, but a few cats occur in a wild state wA probably have a very 
happy time difring the nesting season of the toms. ^ 

In oonoUtdxng this bri^ general dmimripiion, it may be pointed out that any 
expedltimi visiting the Abrolftp IphmA^ hm not only to carry full supplies 
of pmvxsioni^ hnk also fresh watm% ^ ^ ,4>he water used hj the guano 
wmrkem luui . to be carried in tanks <1^ and is thm laboriously 
haih^ nnt wi^ to ttokt. ,Jn toe miny 




HOUTMAN ABROLHOS ISLANDS. 


139 


season (winter months July-September) there may be enough rain water, but 
rain which has fallen heavily whilst I have been on the islands has speedily 
disappeared. One or two wells occur on the larger islands—East and West 
Wallaby Isles, Rat Island and Pelsart Island, but the water is poor and 
brackish and often contains too umcb decaying organic matter to be pleasant. 

Mbtborologioal and Htdrographical Conditions. 

Records of sea temperatures are very badly wanted on the coast of 
Western Australia and up to date but little is known. It would seem 
strange that the Meteorological Department, although so desirous of fore¬ 
casting weather, has not arranged long ago to take sea temperatures at their 
coastal stations, especially where these are only a few yards from the sea. 
What data I have included here has been obtained from a few records made 
on our expedition and from the work of Mr. J. J. East of Perth. This 
gentleman collected the sea temperatures recorded by the engine-room staffs 
on mail and coastal steamers in Australian waters. The temperatures apply 
to the sea water as pumped into the condensers. Unfortunately this source 
of our knowledge only covers a period of a few months and goes but little 
way to fill up a big gap. The results so far are quite interesting. 

From the appended table it will be seen that the coast of Western 
Australia is washed by water the temperature of which ranges from about 
15’6° (J.-19*4® C., on the south, to 23’3® C.-30‘5® on the north-west. The 
seasonal change at most places is not very great, and the highest sea tem¬ 
peratures are recorded in February and March, the lowest in August and 
September. 

Sea Temperatures (°C.) * 


observed in the oflSng along the West Coast of Australia {chiefly based on 
the engine-room log of S.S. ‘Paroo’ during the years 1908-12, voyaging 
between Fremantle and Singapore, and various coasting steamers, 1912). 



Jan, 

Feb, 

Mar, 

Apl, May 

June 

July 

Avg. 

Sept, 

Oet, 

Nov, 

Dec, 

Derby .. 

... • . • 

.. 

80*0 

28*9 

27*8 

25*9 

25*6 

26*9 

26-6 

.. 

.. 

30*0 

Broome .. 

.... SO-7 

80-0 

ao-o 

29*8 

27*7 

24*7 

24-8 

24*4 

23*8 

24*4 

28*3 

29*4 

Hedland.. 

.... 29*4 

30*0 

29-7 

27*8 

26-7 

24*6 

226 

22*7 

22*7 

26*8 

27*2 

28’6 

Cossack .. 

.... 28n3 

29*6 

278 

28*9 

27*2 

22*5 

22*7 

21*4 

22-7 

24*6 

26*1 

27*2 

Onslow .. 

.... 26-8 

28-4 

28-2 

28*6 

26*7 

22*4 

22*9 

21-8 

23-8 

24*4 

23-8 

27*8 

Carnarvon 

.... 24-4 

25*6 

25*9 

25*2 

24*9 

22*6 

22*2 

20*8 

20*6 

21*7 

21*7 

28*3 

Geraldton 

.... 22*26 23*6 

28*7 

28*8 

21*8 

21*4 

20*4 

19*7 

19*6 

19*6 

29*4 

22*7 

Fremantle.... 22*2 22'7 
(10-30 miles N. of port) 

23*8 

22*5 

20*3 

20*8 

18*9 

17*1 

17*8 

19*6 

20*0 

21*9 

Albany .« 

. 

• - 

• • 


•• 

19*0 

17*8 

16*0 

• . 




Note.— 

Except in 

the case of Fremantle, the figures are the mean of the observations 


taken dunng the watch (^10-40 mileB run) after leaving, or when approaching, 
the port named.—Oar own temperature observations ^en with certifieated 
thermoinefiers indieate that the winter sea temperature at Geraldton is lower 
thantiiat giveii in thtr al^ve table, and the above figures must be taken tiiere- 
(W.J. D.] 

...m'.i. ii-i, ■ .. '..ii... > 1 .111 .. —.-.—. . 
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At 0«nldton, the nearest port to the Abrolbos and in the same latitnde as 
the islands, the sea temperature ranges from about 16*7° C. in winter to 
23*5° C. in the summer. 

[For purposes of comparison the air temperaturea taken in the shade at Geraldton durii% 
the three years 1018,1914, and 1918 are appended. I am indebted to the Common* 
wealth Meteorological Bureau for this information.] 

Shade Temperatitres at Geraldton in °F. 

Year. Jan. Feb. Mar. Apt. Map June Jufy Aug. Sept (kt. Nov. Bee. 

Mean mas. 1918. 88-9 fi5-6 88-2 78-7 78-9 72-6 68-7 67-9 72-9 72-6 70-4 77 8 

Highest.. 90*3 106-B 107-2 94 6 90-0 820 80-0 74-2 960 86-1 1040 108*8 

Mean min. 04*6 60*8 06*1 610 66*6 66*6 48*6 61*7 610 66*6 680 62*9 

Lowest.. 660 64*3 64*6 61*4 470 470 87*8 480 890 46*3 470 62*8 

MeanmsjK. 1914. 860 83*3 820 76*1 720 710 870 78*2 76*7 770 77*1 790 

Highest.. 109*8 108*8 106*8 840 89*8 88*8 74*2 840 960 97*8 960 101*8 

Mean min. 650 640 020 66*8 62*2 61*6 600 62*0 63*8 60*0 02*6 660 

Lowest .. 67*6 64*6 47*0 440 40*8 430 890 430 420 490 630 66*4 

Mean max. 1916. 86*3 84*4 840 82*7 780 71*4 68*6 09*4 67*8 729 81*9 860 

Highest.. lOOO 106*8 090 97*2 84*8 81*8 74*6 78*8 69*8 900 1040 1130 

Mean min. W*3 690 64*1 64*2 68*6 68*3 64*6 644 63*6 60*3 61*0 660 

Lowest ., 690 60*8 64*2 630 60*8 68 0 410 420 46*2 460 610 64*6 

IE sea temperatures are taken a few miles away from tlie coast in the 
region between Geraldton and Shark’s Bay, it will be found that these off¬ 
shore waters are somewhat warmer than those close to shore in the same 
latitude. 

Now this is an important point, for statementa have been made to the 
effect that the marine fauna of the Abrolhos Islands contains so much of a 
tropical element that one must travel up to the Tropic of Capricorn liefore 
reaching a similar fauna on the coast. Whether this be correct or not *, the 
fact remains that the Abrolhos are coral islets, and no coral reefs are met 
with on the coast for many miles north of this latitude. The statements 
about the tropical character of the Abrolhos fauna were first put forward 
by Saville Kent, after his very short stay at the islands in 1S94. Be sug¬ 
gested also as an explanation that an ocean current existed which set in from 
^ equatorial watera of the Endian Ocean and brouj^t down floating larvee 
without impinging on the adjacent coast. In support of this, Kent stated 
that temperatures as low as 56” F. (13‘3° C.) were recorded at Geraldton 
when at the same time the temperatures at the Abrullms were 14° F. Ugher 
(21‘1° C.). This is a very considerable difference—14° F. between two 
places 40 miles apart with oceanic omidiiicms prevailing—and it is a great 
pify that Scat did not give more details eonceraing his %ares. 

• Aocordiuf to Mr. Alexandw, who has just oomidetod an amount id the Fishes from the 
CJbrtdho^ the gremer aamhsr of i^etiw aw 4isihs^ fimthm <y|Mw (extmtaopisal fonns). 
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On oor first expedition to the Abrolhos, leaving Gemldton on Novemher 
9th, 1913, the temperature of tihe sea at Geraldton -vras 16*7^ 0. when we 
started. On onr arrival at the islands we found the temperature to be 20** C. 
Arrangements had been made for the Harbour Master to take some tempera¬ 
tures at Geraldton whilst we were at the islands. The following is a 
comparison of the figures, the temperatures being taken at the same hour 


and early in the morning at the two 

places. 

Geraldton. 

Abrolhos Isles. 

Nov. 9th, 1913 

16*7® C. 

20® C. 

« 10th, „ 

16*7° C. 

20° C. 

• 12th, „ 

17*8® C. 

19*75® C. 

„ 13th, „ 

19*4® C. 

20® C. 

,, 15th, „ 

19-4® 0. 

21° C. 

The temperatures at Gerahhon 

wore certainly 

lower than those at the 


Abrolhos Isles, but a remarkable increase happene<l to take place within a 
week at the former place whilst the sea temperatures at the islands remained 
constant. This was undoubtedly due to a very local heat-wave which visited 
the mainland causing the temperature to rise to 104® F. in the shade 1 It 
would quite easily affect the waters of the Geraldton bay. I am afraid this 


Text* figure 8. 



illustrates the futility of drawing conclusions from isolated records. At tke 
same time the early temperatures record a difference pf about 3® 0. between 
the waters bathing the Abrolhos and those of Geraldton. This is not snch a 
great differmico as tiiat noted by Kent, and I am inclined to regard the low 
temperature of 13*3® C. recorded by him at Geraldton in Jnly 1894 as also 
absomal {granting tiie possibilitjf of error in making the record)., 










Ii2 


PBOF. W. J. DAKIN : BXDBDmON TO TBS 


Farther information is, however, to be obtained from the eagine^oom 
observations already referred to. If isotherms are plotted from the readings 
of Jane 1911, it will be seen that a definite tongue of warmer water extends 
down the coast of West Aastralia, the tip reaching to aboat ibe Abrolfaos 
Islands (text-fig. 8). Danng this time, a southern movement of equatorial 
water was taking place, and it was separated from the coast by a distinct 
zone of cold water whicdi was still more obvious during the following month 
and extended from the Leeuwin northwards. 

The evidence so far collected goes to show, then, that there is a general 
tendency for the temperature of the sea at the Abrolhos to be slightly higher 
than that at the coast, or at all events for certain periods, and that an equatorial 
current may account for the phenomenon. The difference between the 
Abrolhos Islands and the mainland may not however lie in the same direction 
at all seasons of the year. It is to my mind noteworthy that it is during tlie 
winter that we are sure of a certain higher degree at the Abrolhos than at 
GUiraldton, and it is not the .actual amount of difference that I regard as 
important but the fact that the temperature at the Abrolhos Islands is pulled 
up daring the winter months, when it probably rarely falls below 20° 
Indications of a tropical current reaching the Abrolhos in the manner 
described, do not appear on the American Pilot Charts of the Indian Ocean, 
but the following quotation from Otto Kriimmel’s ‘Oceanographic,’ 2te. 
Aufi, ii. 675-6 (1911), shows that other investigators have noticed these West 
Australian conditions. 

**Im Vergleich znr homologen Benguelastrfimung ist die westaustralisohe 
nioht dnrch die gleichen niedrigen Temperaturen an ibrem Kustenrande 
ansgezeichnet, wie wir sie oben darlegen kqnnten. Wir haben als Ursache 
dmses Verhaltens die abweichende Konfiguration des anstralischen Festlands 
zn bezeichnen, welcbe einem von Nordw and Nordosten her koininenden 
warmen Strom entiang der Kustb einen Weg nach Sfiden and somit in den 
Biicken des Siidostpassats gestattet. Daduxch ist also eine ausreichende 
Sompensation an der Oberfifiebe von Norden wie von Sfiden her ermoglicht; 
man kann scfaon aus dem Auftrcten von Biffkorallen dei den Houttmanisohen 
(28|° S.B.) uuf dauernd warmes Wasser schliessen. Bin warmer Strom 
kommt insbesoudere ira Sudsommer aus der Timorsee and, in den Buchten 
HordwestanstraUens Neerstrome entwickelnd, gebt er nadi Sfidwesten, nin 
ansohdmend bei der Dirk-fiartoginsel, dnm w^tlichsten Punkte des 
Feetiandes, nach Sfiden umzubiegen nnd nach dem Befund der Qaxelle- 
Bxjpe^oo 16 Seemeilen in 24 Stunden naoh ^dodten zu laufen.” 

Wn ^ive semi that Saville Kent emphasized the fact that the marine fauna 
el the .^IMhoB differs^ in ext^rdjnary manner from tint of the 
s^laomt imd be acoeiintt^ for by the assumption of a current, 
^ wbmb in now snpp<i«ted:.hy a oonsidmable amount of evidMioe. 

Sbfpbi&tiSqfi of Miehaebi^ and Bjarbneyer. did notvbnttbe 
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Abrolbos Islands; but Miclmolsen adds a note concerning them in a report 
apparently as a result of an examination of collections in the West Australian 
Museum. His report is somewhat singular for he makes no reference to the 
only marine biologist who had visited the islands, and adds: ^^An exact 
description of these islets and of their physiographic faunal relations has 
been given by Helms. After studying the zoological materials of the 
Abrolhos in the West Australian Museum in Perth, 1 can affirm Helms’ 
assertion about the marine fauna of the Abrolbos.” Now', the first mention 
of the tropical character of the marine fauna of the Abrolhos is due to 
Saville Kent. Helms states that this naturalist visited the islands but does 
not refer to his paper^ and indeed does not enter into any discussion on the 
character of the marine fauna or on the southern position of these islands. 
Yet Michaelsen states that he can sup]>ort the remarks of Helms on the 
character of the marine fauna, and then goes on to account for the tropical 
character of this fauna. His explanation includes an exactly similar theory 
to that propounded ten years before by Kent. This is put forward without 
even the temperature records that Kent had made, and without reference to 
Admiralty Charts for confirmation. We must consider in some detail the 
further remarks of Michaelsen to the effect that a “ Ealter Auftrieb ” rising 
from the depths of the sea may also explain the difference betw'een the 
marine fauna of the Abrolhos and the coast. 

The term Kalter Auftrieb ” is used by the German hydrographers to 
denote the rising cold waters w^hich are met with along a lee shore, and are 
due to the removal of the more superficial waters to windward. This 
phenomenon accounts very well in many places for a great difference in 
temperature between the coastal waters and those some little distance out, and 
excellent examples are to be met with in the Baltic Sea and the Sea of Azof, 
as well as along the coasts of some continents when strong offshore winds 
are blowing. This vertically moving cold^ water is also held to account for 
the lower sea temperatures in the Atlantic and Pacific Oceans along the 
Western coasts of Africa and South America in the region of the trade winds, 
one of the results of which is the well-known absence of coral reefs along the 
West coasts of these continents. 

If, however, we examine the following diagram (text-fig. 4), which shows 
the position of certain isotherms between the land masses of Australia, South 
America, and South Africa, we shall see that there is a difference between the 
west coast of Australia and that of these other two continents. 

“ The inflowing and outflowing waters probably find their way not only 
through the wide and deep channels between ihe islets, but to some extent 
through the body of the reef, which in its upper portions would appear to be 
almost as open and pervious as a sponge.”— Jndd. Materials sent from 

e Tierwelt Sadwei^AustralieaB and ihre gaographischs Beiiehtegen.’' Mitteil. 

Qea Bd. xxii. 
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” Report of CkinJ Beef CommiitM of the Royal Society, Section X. 

p. 176 (1904). 

The mean annual snrface tempera* 
tore of 21*1*^ C. is much nearer the 
equator' on the west coasts of Sonth 
America and Sonth Africa than it is 
on the west coast of Australia. In other 
words, the water washing the coast of 
West Australia is warmer than that 
washing the west coasts of SonUi 
Amerioe atad South Africa in the same 
latitude. 

We really require much more data 
from this coast before theorising on the 
effect of such movement of water 
as a '‘Kalter Anftrieb.” It would 
appear, however, from the following 
that Michaelsen’s suggestions can 
scarcely hold good for the region under 
discussion. East winds are stated to 
prevail on the west coast of West 
Australia for a considerable part of each 
day* These push the warmer surface 
water seaward, and so cause the rising 
of the colder bottom water to replace 
the driven water at the surface. The 
rinng of tiie eol^r bottom water, 
Cold swell,’ takes "place quite 
close to the coast and of course in* 
fluMioes mostly the line of the coast 
and its faitiM. On Ae surface the 
originitily. colder water soon gets a 
higW temperatnre, so that by tiie time 
it has been driv«m the east winds 
over tiie space between tiie coast and 
the.Ai^ihosithasgrown warm.” We 
shaU refer, later to the winds on this 
Coast j let ns look again at the sea 
tcmperatarest U a cold water up* 
w4Hni^ef^eciaBy of any extent^ takes 
itbce alimg ^e west coast of Australia 
M la caui^ by the trade winds (cot 
oeow akmg tiio edge (Ml the 
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continental shelf and not against the coast. The water between the 
Abrolhos and the mainland is only about 20-25 fathoms deep. Now it 
is hardly likely that one would find on this shallow coastal strip of water 
lyl^g over the shelf a much colder zone nearer the bottom consisting of 
water running in towards the land with a well marked layer of warmer 
water running out on the surface. The temperatures, so far taken by me^ 
give no indication of such a state, the waters of the shelf appearing 
homothermic. It must be remembered that there is frequently a considerable 
sea running in this region, and with depths of only 20 fathoms it is likely 
thit homothermic w'ater will result. 

The following figures are taken from those of the last Abrolhos 
Expedition. Unfortunately they are few because we were usually close to 
the islands working the lagoons or else to the leeside (the East). 

Thursday, 28th October, between Wallaby and Easter Groups 
towards open ocean. 

Surface ... 20’6° G. 

15 fathoms ... 19-87^0. 

Sunday, November 7th, lietween Easter Groups and Pelsart Group. 

Surface ... 20*8® C. 

20 fathoms ... 20*3® C. 

Friday, October 22nd, outside Easter Group. 

Surface ... 19*8® 0. 

Bottom ... 19*5® C. 

Many readings were taken in the lagoons, but they are useless from the 
above point of view—the surface and bottom temperatures were usually 
the same except that the extreme surface layer, on an absolutely calm day, 
was often higher as a result of the direct heating effects of the sun. 

If we examine the prevailing winds at the Abrolhos we shall see that there 
is less evidence still in favour of a warm surface current blown out from the 
coast accounting for the Abrolhos Fauna. 

Geraldton District and Abrolhos. 

Summer —From the middle of September to the middle of May, Southerly 
winds are characteristic. 

Best of Year —Winds variable, with occasional N.W. to W. gales of 
moderate force and of usually short duration. 

Summer Winds —During the summer the Southerly wind blows almost 
without a break and resembles the trade wind in character and in force. 
In the early hours of the morning it is certainly in the form of a land 
breeze, but is E.S.£i. to S.E. and is light* About 9 a.m* it hauls to the S* 
or E.S.W. and commences to freshen, blowing its strongest during the 
efternoon and continuing very frequently until after midnight. It then 
folia light and Works bock to the land breeze again. Very occasionally, 

XI* 
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during the summer, the wind with a falling barometer cornea awaj freak 
from the £. to N.E. at sunrise, but it drops at noon and is followed b^ the 
Southerly us usual. 

fVint^r Winds —During the winter the winds are variable. Southerly 
winds are frequent though of lighter force than those during the summer. 
E.E. winds are also of frequent ooourrenoe in the mornings, but there is a 
calm or Southerly during the afternoon, or perhaps a strong N.W. blow. 
Taken altogether there is far less wind during the winter than summer. 

Now, at the Abrolhos, 30 to 50 miles away from land, the winds are mt^ 
the same, except that the land breeze is not nearly so evident and often quite . 
absent. There is not much support here for a prevailing East wind blowing 
out the surface water. Further information may be obtained from actual 
observations of the currents. Here again I have had to depend upon 
information culled from the fishermen who are out at all seasons of the year. 
They state that during the winter, a southerly current is usually experienced 
between Geraldton and the Islands. • Its velocity is about one knot per hour, 
but this may be increased with N. winds to 2-3 knots. This is quite 
in favour of the tropical current theory. During the summer southerly set 
has also been experienced, but as calms are very seldom it has not been 
noticed nearly so definitely. 

Tidbs. 

The tides on the West Coast of Australia present some great problems, and 
very little is known of these phenomena at present, although the question is 
of importance to shipping. For the greater part of the coast from the 
Ijeeuwin northwards (as far as Shark’s finy), the rise and fall of the tide is 
very small, the mean spring rise being only & ft. 6 ins. at Fremantle and 
Geraldton, and only 2 feet at Bnnbnt^. At Carnarvon the mean spring 
rise is 5 feet, but in the nortb«west. the conditions are very different, and a 
mean spring rise of 34 feet has been recorded at Derby. 

The mean neap rise at Geraldton is only I ft. d ins. 

It most not be thought, .however, that tidal {dtenohieae on this coast are 
only peculiar in that the amplitude yariep enormotisly along the coast, and 
is so small at Fremantie and Geraldton as to be practicdly msigaiSoant. The 
greatest problem is associated witii ti<^i irrogadarily. at FVemantle 

the tides are usually diurnal, roughly . 24 Wro ^^ing between the two 
high tides. Occasionally, however, a. i^ooMuon of a few days, tiie tides 
become semi-diumal. The diurnal dsspefated with iiregulariiy, and 

it & extremely difilculi to predict them with any ttbcnracy. 

At the Alwolhos, as at Ffemantiei ^ere is hut Iitt|^ rise and &11 of the 
tide, ; bpt:it Is of more use Isr purposes than at the latter phee, 

futd seems id be pf somewbat amillMev We idmald my that the 
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mean spring rise was nearer three than two feet. On both occasions when we 
were at the islands the tides were diurnal, and it camo as a surprise on our 
6rst expedition to find that not only was there but one tide every 24 hours, 
but that low water came at practically the same hour each day. On both 
expeditions low water occurred always between 6 and 8 a.m. The harbour 
master at Geraldton stated that during the summer months the tide at that 
port was usually high about 9 p.m., with low water at 9 a.m., whilst in the 
winter the converse was the case. Whether this be so or not at the Abrolbos 
is impossible to say. We can ouly affirm that all our shore-collecting was 
caVried out in the early hours of the morning during the last week of 
October and the month of November. 

Stokes gives the following rather surprising details which we can neither 
confirm nor deny; such conditions certainly did not prevail whilst we were at 
the islands. The high-water at full moon and change occurred at 6 p.m. 
During the night there was a short flood lasting six hours, the water rising 
seven inches, and a shorter ebb of only two hours’ duration, the tide falling 
five inches. During the day, however, there was a flow of 8 hours 20 min., 
and an ebb of 8 hours 5 min., the rise and fall being 25 and 26 inches 
respectively. There were further variations at the different island groups. 
It appears quite certain that the tides are very irregular. 

Rainfall. 

No statistics exist, or are likely to exist in the future, concerning the 
rainfall at the Abrolbos Islands. The nearest figures that can be utilised 
are those for Geraldton, they will suffice to show the typo of rainfall 
experienced in this region. The rainfall is stated in “points,’^ 100 points 
equalling an inch. 


Rainfall at Geraldton. 


Year. 

Jan. 

Feb, M<xr. April May June 

1: 

Aug. Sept. 

Oct. 

Nw. 

Deo. 

Total. 

1918 .... 

80 

8 

17 

107 24 

246 

867 


118 

7 

8 


1914 .... 

8 

3 

Nil 

29 118 

291 

273 

186 6 

87 

93 

Nil 

1032 

1916 .... 
Averages for*^ 

18 

469 

28 

78 241 

790 

629 

882 159 

97 

Nil 

18 

2749 

the iMt 88 V 
years. J 

16 

27 

88 

87 272 

464 

892 

301 136 

66 

26 

18 

1821 


Nora.—The figures indicate “ poiate,” ou« hundred point* ot rain equal 1 inch. 


It will be seen that the average annual rainfall for the last 38 years is 
18 inches. The dry mouths are October, November, December, January, 
February, and March, the average fall recorded for this jieriod of six mont^ 
being <mly 1*8 inches. 
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NORTH RSLANO. 

North Island was only visited on onr first expedition to the Abrolbos, and 
our observations have not been so detailed there as at the other' places* This 
island does not appear to have been visited so frequently as the others, being 
due in all probability to its greater distance from the coast. 

North island is almost a square mile in area. It is not surrounded by 
smaller islets, and differs from the other groups we shall consider, in being 
without any real lagoon region. In fkct, the part above water at all states 
of the tide rises from a coral fiat which fringes it on all sides, but it is very 
much wider on the west than on the east. On the Eastern shore, a fringing 
reef lies quite close to the island, and a few breaks or channels occur where 
fishing rbggers can obtain some shelter and anchorage in bad weather. The 
channels, which are very irregular, are about 5-6 fathoms in depth, with 
sandy bottoms on which large holothurians may be easily seen through the 
clear water. On the West side of North Island the margin of the reef lies 
just over a mile away from the shores of the island. No boat channel or 
lagoon exists between it and the shore. A broad reef-flat extends from the 
shore out to the reef-margin and is covered by a foot or two of water at high 
tide. One can walk out for the whole distance, but care must bo taken, for 
the coral surface is rotten and full of holes, with larger hollows here and there. 
There are no living corals growing upon the surface of this flat. The same 
reef-flat extends north and south of the island for a greater distance and is 
continued as a submerged reef for a considerable sbretch towards the Wallaly 
Islands, e 

The surface of the flat is covered with living Vermetiu, and, as a matter 
of fact, this gasteropod is the common animal of all the reef-flats of this 
region. The shells puncture neat but exceedingly painful holes if anyone 
carelessly places an unbooted foot on Sttoh ground. The rock-pools swarm 
with young fish which must pass through their larval stages with some 
rapidity in such heated water (the temperature rises to remarkable points 
whilst ^ snn is (lining), A bine orab, Thalainita ^ (probably itimpsoni, 
an Indian form), was very abundant in holes in this coral, and also the sea- 
nrehiii Eehinometra motJue. We shall meet with this spemes elsewhere. 

North Island itself and the two large islands of the W*ft»by Group are 
the only ones to attain any height above 8rX4 f^t« The highest point on 
North Island is 48 fOet above sea-level. .All ffdsVbigh ground of North 
iifiand consists of Mown sand, whh^ irises in the {^.m of dunes quite close to 
the eastern shore margin. Other hille lie irrCg|l^y behind thews, so that a 
ifisUnctiy hagh region occurs dfose to side. The height of tiie 

{shiiiid hills off rapidly as tha oentro 44 approached. At tibe scudi-eastmm 
emkr the Istaud the mar]^ hwm of a low coral-Umesione cliff 

ihsMad.t^ iwid-hfils, and the already referred to aboee, rune 

toto 4 b a h» imahy i^aoe* it hninderont by 
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the sea and overhangs very considerably (PL 14. fig. 6). This limestone 
conglomerate forms the margin of the island for a little distance along the 
western sfaore^ but gives place to a sandy beach again as the northern shore 
is reached. The sand dunes are not so high here as on the eastern side. The 
coral limestone, which is exposed at certain places along the shore, can be 
traced inland and evidently forms the foundation of the island. Its surface 
is about 6 or 8 feet above sea^^level, and it agrees in structure with that to be 
referred to later in connection with the Wallaby Isles. The central part of 
the island is quite low and flat, and only a few feet above sea-level (a salt 
lake, dried up at the time of our visit, occupies part of it). No rock 
exposures are visible once the shore is left, the whole being covered with 
sand which, as we have remarked above, is responsible for the height of the 
island above sea-level. The sand-hills are thickly covered with low halophytic 
bushes of a hard and brittle nature, and the terrestrial fauna appears to be 
poorer than that of the southern islands. The lack of fresh water is probably 
responsible for this. 

Shore-collecting was not very successful at North Island, and the other 
islands appeared likely to offer better opportunities for all-round work we 
apent very little time there. A number of specimens of Heterodontus phillipi 
were captured whilst we lay at anchor close to the shore, together with the 
Parrot fish {Coris auricularis^ one of the Labridse); Groper {Acherodut 
gouldii) ; Skipjack {Caranaplatessa) and Buffalo Bream (Carangidse). The 
latter looks very much finer than it tastes ! A number of birds were noted 
and are enumerated in Mr, Alexander's report. Further reference will be 
made to the structure of North Island in the section dealing with the 
formation of the four islands. We may remark here that the wide expanse 
of reef-flat represents the result of erosion and that North Island will 
probably be cut down still further in the future. 


THE WALLABY ISLES. 

This group of coral islets is, in some ways, the most interesting of all, for 
it is on certain of these that the land fauna requires, as an explanation of its 
character, the assumption of land connection with the mainland of Australia. 
The group consists of two large islands (the East and West Wallaby Islands) 
together with a considerable number of small islets, many of which are not 
depicted at all on the small-scale charts. The East Wallaby Island^ lies 
really north*^ast of West Wallaby Island^ from which it is separated by a 
very shallow channel about a mile across. 

At first sight it appeared somewhat difiSicult to piece out the former 
history and the structure of the irregular collection of islands, reefs and 
lagoons of the Wallaby Group. It became much more clear after our 
second expedition, and I now oon^mr tiiat the group represents a stage in 
ifte deVelopiiient of an atoll form» 
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The two large islands fdrm a kind of central mass. To the west of them 
lies a more or less shallow lagoon with an outer reef margin fonr miles 
or so to the west of East Wallaby Isle. To the eastward of the two 
Wallaby Isles is another lagoon with irregular coral reef bounding it, 
and small islets exist here and there where the reef rises above the sea-level. 
When sailing from the coast, one first sights the small islets of the reef on 
the eastern side, especially the rather long narrow islet (known as Xx>ng 
Island). The elevation of the Wallaby Islands, however, is snfficient to 
make them more conspicnous than is the. ease with any of the southern 
groups, so that in reality they are picked np from the masthead practically as 
sOon as their eastern outposts. On our first expedition we ran into Turtle 
Bay (see map, text-fig. 5) first, as this shelter was easily reached from the 
open sea. After a few days we moved down Recruit Bay until a position 
was reached close to East Wallaby Island and almost opposite the channel 
between it and West Wallaby Island. On the second expedition we reached 
the Wallaby Group from the south, and after passing through the Channel 
close to the east side of Lopg Island (see map, text-fig. 2) we entered 
the lagoon and anchored close to the latter. Later on we changed to 
an anchorage of the former expedition in order to investigate the larger 
islands over again. Dredging was carried out north of the Wallaby Group 
between the East Wallaby and North Islands, in Recruit Bay, in the 
Channel east of Long Island, north of Morning Beef, in the lagoon, and 
some distance south of the group. 

We shall consider the large islands first. The East and West Wallaby 
Islands appear to have been only recently sepamtod, and the separation does 
not amount to much at the present time. The channel between them, which 
has a width of about a mile, is only a foot or so deep at high tidcx^and large 
areas are exposed at low water. It was regularly crossed by members of the 
party when they wished to reach West Wallaby Islands and if the tide were 
up and one were near the middle of the chopnel, with a fresh breexe stirring 
up the water, the situation was distinctly peculiar^ one seemed to be standing 
in the centre of the sea 1 The floor of the channel is a flat of coral, here and 
there covered with a thin layer of mud, and bearing veiy distinct evidence of 
solution and erosion by the sea. Tbh Only additions are being made in odd 
places by the ever-present V^rmetus^ B^ond a few sponges, cnefhs, and some 
fish which abound in the large hrdlows of the tbit, little is flourishing here* 


East WAutAsy IstAjjn>. V 

The Wallaby Island is about miles from north to south and a 
Ittile .tpOre li^m mat west the northern coast. Its longest 

diamets^ N,E; to ^.W. Wd considerably in form of a 

ipe, Bay from Becrnit Bay. 
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eastern extremity down to a point where it turns more abrnpily westward 
toward the entrance to the Wallaby Channel. By walking along the beach 
(which is a reef-flat) one can obtain a view of an excellent section showing the 
structure of the island where its height is greatest (see photo^ PL I 89 fig« 4). 

Text-figure 5. 



(Not si! of the Photographs have been reproduced; those numbered 
6 and 9 are now 4 and 5 on Plate 13.) 


The two toxt^figures (tex^gs^ 6 and 7) indicate sections at right angles 
to the line of eoasial cliff* They were taken about a mile apart A 
dit^llrtw the r^^flat and overhangs somewhat 
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It is washed by the sea at high tide. This cliff is only from 4-7 feet Ugh 
and presents a ikt terrace of varying width, here only a foot or so, there a 
couple of yards (see text-figs.}. From this, another cliff-surface rises to a 
varying height, 14 feet in the one case shown above, to probably upwards of 
25 feet in the other. This is marked by another limestone surface, and it is 
possible to notice from the sea bow this surface is not at the same height 
along the stretch of coast, but varies slightly. The complete height of 


Text-figure 6. 



22 feet in the one section and 40 feet in the other is brought about by sand. 
On East Wallaby Island there is non here a thicknen of 40 feet of coral 
above sespleveL Fourteen to tw«a^ feet is probably about the maximum, 
and tSds is topped with sand. l%ls oonditiim, howeter, exists only along the 
margin of the East coast whiph mas in a straight line N Ji.-S.W. If a 
traverse is made inland in a weswly dtrectbn (see map of East Wallaby Island, 
p. 151) sand-hills becooui lowers at a distance varying from k-i a 
mile inhuad they disappear, and mm reaches «a almost perfeetly flat area the 
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mrhce of which i« limestone. No sand or guano hides the rock in this area 
now, but a few bushes are rooted in the crevices and cracks in the weathered 
limestone surfnce. This flat area occupies the greater part of East Wallaby 
Island, and sand-hills are not met with again until one reaches the extreme 
west and northern coasts. It might be expected that the flat area we have 
described with the coral-limestone surface would be as many feet above sea- 
level as the highest limestone exposed on the East coast. This is not the case, 
it is only about 10 feet above sea-leve). It is only on the East coast of East 
Wallaby Island that any limestone higher than this is found. At the same 
time, the land rises once more on the western margin, so that the greatest 
heights are found on the East ani.West coasts. If, however, the eastern 
elevations are examined, they will be found to be composed entirely of sand, 
and the exposures are quite interesting. One of these eastern sand-hills is 
marked on the chart with an elevation of 35 feet—a well is indicated about 
200 yards to the N.E. of it. Now just north of this sand-hill the wind has 
cut an extraordinary pass right through the hills and eroded it down to the 
limestone surface. The sides of the pass are perfectly vertical and there is 
abundant evidence that the whole is due to the wind. It is quite obvious 
here that the high land is due chiefly to blown sand. 

The southern extremity of East Wallaby Island towards the channel is 
the lowest part of the island, and a sand-beach presents a marked contrast 
to the cliffs of the oa.stern shore. This sandy beach extends up the western 
shore to the north-western corner of the island where cliffs again appear, 
but only 3-4 feet in height and have a sandy beach at their base. The 
northern beaches are also of sand, with sand-hills behind, until Fish Point is 
reached on the east of Turtle Bay. Samples of the shore-sand from the 
north and west beaches of East Wallaby Island have been examined. The 
sand consists almost entirely of calcareous matter:—foraminifera, shell- 
fragments, coral particles, and ecbinoid spines. The foraminifera are all 
shallow-water forms, the predominant genera being OrbitoliteSj Polt/stomella, 
and Pejieroplis. Other common forms are species of Miliolina, Planorhulinay 
Globigerina^ and Pulvinulina. 

A reef-flat exists all round the island, but it presents seme points of 
difference on the various coasts* On the east coast (Recruit Bay), it is 
narrow, 100-200 feet or so in width, and extends to the base of the lime¬ 
stone cliff. It is covered witb living Vermetu$, and broken np with irregular 
hollows every here and there. To the south it forms a great expanse con¬ 
necting East Wallaby Island with West Wallaby Island. On the west of 
the island the reef-flat is wider and extends out for at least a quarter of a 
mile from the beach, which, as we have already noted, is of sand. The same 
aspect presents itself pgain on the north-west, and there is much sand and 
weed growths here. A considerable quantity of decaying weed is conspicuous 
on the eastern and northern chores. 
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Let ns return to the limestone. The - best eTposurfts illnirt^ting its 
strnctare are to be seen in Turtle Baj on the west side of Fish Point 
(PI. 10). The cliff is collapsing here, but the surface is not weathered in 
the same way as at some otibier places where its structure is hidden* The 
limestone is a conglomerate of coral and mollusc shells (PI. 10). In parts it 
has quite a stratified appearance due to the presence of great flat coral 
colonies of a species common at present in the lagoons and allied to 
Madrepora eorpmbo$a, if not this^ species itself. Between the corals is a 
hard mass of ooral-mud, or secondary deponts of calcium carbonate, which 
cement everything together, and in which lamellibranch and gasteropod 
shells are iml^dded. These shells show, little or no signs of weathering or of 
abrasion. (See photo, PI. 10.) The most common of the molluscs are 

Turbo pulehevt Beeve. 

Conut magut, Linn. 

Cythorea retieulata, linn. 

Septifer Ulomlarit, Linn. 

There is every evidence of elevation to bring this coral limestone into its 
present position, and the corals appear for the most part to have grown in 
situ. We shall refer to this elevation later after describing West Wallaby 
Island. 

It has been said that plutonio rooks occur on the Wallaby Islands. We 
have now made traverses across these islands in every direction, and we have 
also closely examined the wells v^ich occur in one or two places. Nothing 
but limestone is to be seen anywhere, and we ore quite sure that this rock 
only is present. There are no references to the actual discovery, or 
examination, of plutonio rock in the literature on the islands. What 
statements are made appear to be due to a casual remark which has 
been handed on by people who have not investigated, and in some cases not 
even visited, the islands. 


WbsT Wailabt Lmukd. 

Hiere is no need to describe in any detail the structure of West Wallaby 
Ijdand, for it is clearly the same as Fast Wallaby Island and obviously part 
.si tile same elevated limestone mass. West l^allaby Island is of irregular 
-s^i^ and is tiie largest island of the Ahrolhos. Froin north to south the 
•Ipoateet Imigih is just short of three tui^. A ieyr pmnts of interest should 
he noted; I%e highest part of West Walhih|r il^and' does not occur on the 
eaitecn eido JSlaid Wallaby but oft the sou^mn mile of tile western 
^ooeel^ nftd. tiiis eleiftded repon^ like ^t idxesMfy deseribed as 

The hip^ pd^nt, for 


HOITTMAN ABROLHOS IBLANM. 


155 


Foe&flat. The cliffs themselves rise to a height of 30 feet, atid the greatest 
elevation^ only a little distance inland from these, is upwards of 50 feet. 

This south-western corner of West Wallaby Island presents the finest 
scenic picture of the Abrolhos Islands, the cliffs are of rugged weathered 
limestone, and the margin of the outer reef swings in ut this place until it 
comes quite close to the extreme S.W. point. The full swell of the ocean 
breaks, therefore, quite close to the island, and the waves rush across the reef- 
flat wearing deep pot-holes and excavating the coast. The photographs 
illustrate the type of coast at this point (PI. 14. fig. 7). 

It is very interesting to note that the mile of coast on the south-western 
shore of the island should resemble closely the stretch on the north-east of 
East Wallaby Island. Everywhere else on the Wallaby Islands the margin 
is much lower and with either sand or low-lying limestone. 

Another point of great interest on the West Wallaby Island is the 
occurrence of a well-marked terrace on the western cliffs, about 6-8 feet 
above the level of the reef-flat. A similar terrace, slightly lower in places, 
is found, as already stated, on the N.E. shore of East Wallaby Island. We 
shall see later that there is evidence on the Abrolhos Islands of a recent 
uplift of 8 feet or so. The terrace represents the old sea-level before 
the last elevation. 

A considerable part of the area of the West Wallaby Island is low-lying, 
being about 6 feet above sea*leveL This applies to all the north-eastern 
portion (about a square mile) and the southern part of the East coast. The 
north-eastern region presents a surface which is largely flat limestone- 
resembling in appearance that photographed by Fryer on Picard Island 
in the Indian Ocean and described as platin.’* It is covered with the usual 
stunted halophytic bush. In most places the limestone is completely hidden 
by a layer of guano and sand which looks as if inhabited by thousands 
of rabbits. The excavations are, however, due to mutton-birds, and as they 
are not very deep it is usual for anyone trying to walk over this area to fall 
through with oae foot or both at every other step I The pavement-like 
surface of the limestone has been probably produced by successive solutions 
and redepositions of calcium carbonate by rain-water—the guano aiding. 
In past times a large quantity of guano was removed from West Wallaby 
Island and the ruins of an old camp and about miles of tramway 
still exist as relics, whilst a wooden pier runs out for considerable distance 
on the west coast into the waters of the lagoon. 

We devoted some little attention to the limestone exposed on West 
Wallaby Island, especially on the West coast where there was a thickness 
of 25-^ feet above sea-level. The lowest parts at this place consist of a 
compact rock, granular in appearance, fairly hard and w ithout any traces of 
corala or mollissos. Microscopic examinations, kindly carried out for me 
b^ Prolesior Wocdnmigfa, ol the University of West Australia, reveal the 
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faot tiiat it is entirely composed of Foraminifera, Nnllipore fragmentSi 
Eohinoderm spines, with a considerable amount of secondaiy deposition 
of carbonates round the individual grains. It is in fact an indurated beach- 
formation. No trace of land-derived sediment: exists. It is this rook which 
forms the lowest part of the cliff, a layer of tmral rook inhltiated with 
secondary carbonates appears at a higher level. 

A reef-flat extends round the base of the West Wallaby Island. On the 
eastern side it extends out for some distance and smaller islets rise from it. 
This area will be dealt with again below. To the south the flat is narrow, 
and lies close up against the outer reef at this point. On the south-western 
side, at the foot of the high cliffs already described, the reef-flat is wide 
again, and here one meets with plenty of evidence showing that the flat has 
been formed b^ erosion. Pinnacles of rock are left standing, overhanging 
on every side (Fl. 14. fig. 7), and great pot-holes occur on the flat itself. 

The Ekef aito Smallku Islets of the Wallaby Oboot. 

It is convenient after discussing the character of the chief land masses of 
the Wallaby G-ronp to consider as a whole the remaining small islets and the 
coral reefs surrounding them. The “ tout ensemble ” is much mors irregular 
than in the southern groups to be presently considered. A glance at the 
chart (text-fig. 2, p. 136) will show that a mass of coral reef exists several miles 
to the west of West Wallaby Island and protects a lagoon with 3-4 fathoms as 
an average depth in the northern portion. Towards the south-western point of 
West Wallaby Island this reef swings in, until it joins the reef-flat which 
fringes both the Wallaby Islands and forms the inner shore of the lagoon. 
Towards the same point, the broad lagoon beoelhes more and more shallow until 
only one or two feet in depth. The outer neef, against which the ocean swell 
beats, remains close to the coast of West Wallaby Island on the south as a 
fringing reef, and then leaves the S.E. point of the islimd in the form 
of another broad sweep which extends eastwards, but in a more irregular 
manner, and can be traced past Noon Eeef and Morning Beef, where it turns 
northerly (text-fig. 2, p. 186)i Inside the large'expanse i^eltered by tiie 
reef there are numerous coral growths, and remioins of islands, the whole 
tiling being the result of solution, denudation, and active coral growth. 

The two Wallaby Islands are connected, w we have already pointed out, 
by a broad mtd shallow reef-flat Ihis reeif^t extmids over the shaded 
area in text-fig. 2, and several small ndands rim from it, tiiree of whioh (the 
mote Oortiuu’ly ones) are shown on the map Sasi Wallaby Island 
(imcb-fg. p. I5l). most northmly of tbete Is called Pigeon Itiand by the 

flih«rin«B, who like to enter Bacrutt ds iar as j&ey can and aadior with 
p^eot shtiter between Pigeon j^nd and'lhmt Wallaby. We camped on it 
several times. Att the islands on tj^s-vee^flat agree in fype. They are 
(Bsnal^ msKh longer than broad and wli^ 11^ long axis ^ning nearfy 
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north and south. They are all flat-topped, and possess vertical or over¬ 
hanging cliffs about 8 feet in height (they are highest on Pigeon Island, 
8-10 feet)* Again, there is ample evidence that they have once been 
^continuous. Pigeon Island is gradually becoming smaller, the cliffs 
overhanging in places for 20 feet or so forming caverns. Here and there 
great masses have broken off and are gradually being removed. The 
structure of the coral limestone of which they are composed is similar to 
that of the Wallaby Islands. 

Whilst a glimpse of these islands with the lagoon waters presents certain 
pleasing features, they make a very uninteresting photograph. No palms or 
tall plants break the monotony, and the elevation of the islands is so small 
that from a little distance they appear simply as streaks in a photograph. 

It may be taken for granted that all these islets have been cut away from 
one mass, and they are still being reduced in size by the action of the sea. 
The reef-flat connecting them together is all that remains of the elevated, 
limestone of which they once formed part. 

We are now left with one or two islets tsmch further away from the 
Wallaby Islands on the outer reefs to the east, a narrow island known as 
Long Island by the fishermen and several islets not marked on the chart, 
some of which are only a few yards across. Many of these islands are 
obviously the result of blocks of coral heaped up by the waves, and their 
loose structure is quite different from the more compact limestone of the 
central mass. We are in fact dealing with structures mere like the islets of 
the rim of a coral atoll. 

Let us glance at Long Island, it being the largest islet in this situation. 
It is about one mile long and only a few hundred feel across. Its surface 
consists of small and loose coral fragments, and in fact the whole island is 
made up of such coral fragments. They prevail above all else, and one 
cannot consider coral as playing any subordinate part here to calcareous 
algse, molluscs, or other calcareous structures in the formation of this mass. 
In places, the weathered fragments have been more or less cemented together 
to form a more definite kind of conglomerate. I consider that a slight 
elevation (not more than 6 feet) has played some part in the formation of 
Long Island as well as the heaping up of the coral fragments by the waves. 
The straight line taken by the reef on which the land stands is no doubt due 
to the current, which scours the eastern side, and has produced the channel 
referred to later. 

A small lake exists at the northern extremity of the island iand there are 
one or two other similar depressions at other places. We shall see that these 
are quite common on the islets of the rim of the Abrolbos Groups. This is 
rather an interesting point, and I have found it very advantageous and 
informing to compare the descriptions given by Stanley Gardiner of the 
of ^e Maldives with islands of the outer rim possessing lakes 
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or lagoonlets. The water of the lakes is salt, and often disappears altogether 
at low tide. In other cases it is permanently present, and deep, bat rises and 
falls with the tide outside. One in Long Island is only a few yards across, the 
hanks are of coral conglomerate and loose h|pcks, and the floor of the lake or^ 
lagoonlet of coral with a deposit of mad. We shall refer in greater detail to 
the formation of these lakes when describing the same on the islets of the 
Easter G-ronp. 

Mention mast be made here of the channel to the east of Long Island. It 
is very much used by fishing boats passing north and south, for it has a 
depth of 20 fathoms, and that quite close to Long Island itself. The channel 
seems to have broken through the reef, catting off Morning Beef to the east 
of it from the coral masses on the west. Perhaps Long Island itself owes 
its formation to the development of this channel. As one would expect from 
the depth, a strong scour runs through the channel which bears evwy 
. appearance of erosion. We dredged several times here and with excellent 
results. 

Nothing more remains to be said about the reefs except that coral growth 
is active at the present time in- the lagoons wherever the water appears to be 
free from mud. To the north-west of the coral marked Noon Beef on the 
diart is an expanse of water almost completely surrounded by coral reef. 
It can be entered by a channel to the west of L<mg Island, and by another 
one to the S.W. indicated by the arrow on the map, text-fig. 2, p. 136. This 
expanse of water is called “ The Lagoon ” by the fishermen (no other area is 
spoken of as lagoon by the fishermen anywhere in tiie Abrolhos Group). 
Depths of 6--12 fathoms occur, and the bottom is almost everywhere of 
coral. We investigated this area with the motor dinghy on many occasions, 
and were always delighted with the gorgeous growths of coml seen 
perfectly through the clear water. most abundant coral 4 b a species 
ei Madrepora with a most beautifur blue-purple colour. This occurs 
everywhere, rising from the bottom in the form gr«it “shrubs.” The 
more compact corals like Meandrina and Astrseo, etc., do not seem to 
flourish here. PoeiUopora is omnmon in places.. We have never obtained a 
at any of the Abrolhos Islands, and have sera no traces of such,, not 
even fragnmnts. Several times we tried the dredge, in these lagoons and 
pulled it forcibly over the bottom, taring away .the more delicate corab 
at ^ risk of losing the dredge and eUfie, hnt we never obtained anything 
Imt coral and the small Crustacea wnd worm# which Bve in the crevices. 

It would seem to ns that the outw hmrgina of coral reefs fringing tdw 
Wi^al^ Group are extending #e«wards by aeflv^ coral grow^ at least in 
placesi, bnt Dwt such grotf tb is very^w. .Ditbelagoons we see coral growth 
in emta^ mess, and sandy llepo^ wtih no. coral growth in other parts. 
.Bbre' #niiira wlntion and erosion. Is .baring piece, whitm there we And 
tmet em^ g^Cfw^s are fonain^ or are being heaped up 1^ 
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carrents and wave action. In the latter case small islets are formed and are 
often capped with a little sand. They only rise perhaps one foot above high- 
tide mark and are known by th^ fishermen as “ Sandy Islands.^’ 

The Fauna of the Wallaby Group. 

The name of the group suggests the first member of the fauna that 
deserves mention. The Wallaby AJacropus eugenii^ Desm.^ occurs on both 
East and West Wallaby Islands and in very large numbers, especially on the 
West Wallaby Island. I have seen far more individuals in one afternoon at 
these islands than of all species of marsupials seen on the mainland in three 
j^ears I Some surprise was exhibited last year when 1 stated that four were 
shot on our first ex[)edition without moving from the one place—one shot 
having killed two. On our second expedition we beat this by actually 
catching four specimens alive, by merely running them down I It is no 
uncommon sight to see half a dozen leaping before one at the same time. 
Naturally it is a point of the greatest interest to find fifty miles away from the 
coast, on a small coral island with only halophytic bushes, an animal of this 
kind in such large numbers. The large Wallaby Islands are the only ones 
inhabited by a marsupial. Traces of other mammals also occur, and a much 
decomposed rat was found (and left) in one of the water-holes on West 
Wallaby Island. Reptiles abound on these islands and were even common on 
the smaller ones which we have already referred to as rising from the 
Wallaby Reef flat. One of the most interesting is the Carpet Snake 
[Python spilotes)^ which occurs in very large numbers on West Wallaby 
Island. Wo could hardly ever walk down the two miles of the old guano 
tramway on the occasion of our first expedition without meeting several 
specimens lying across it, and usually they averaged about 7 feet in length. 
They were very sluggish. Curiously enough we did not see one in 1915 ; 
probably they hibernate in winter, and the winter of 1915 was particularly 
severe and extended well into October. No specimens were met with on 
any other but the West Wallaby Island. Two other species of snakes are 
supposed to occur in the AVallaby Isles, one of which was seen but not 
captured. Reference to the Lacertilia will be made in Mr. Alexander’s 
paper on the Vertebrates. Seventeen species are recorded altogether from 
the Abrolhos Islands, and probably most of these occur only on the West 
and East Wallaby Islands. Two or three species are common on the smaller 
islands of this group, but the larger southern islands of the Felsart and 
Easter groups have only one or two. Two species of Amphibia, frogs, ore 
recorded from the islands, but we were unsuccessful on both occasions 
in finding eny. On our second expedition we thought we should be more 
sucoessfal owing to the wet winter and our earlier arrival at the islands. 
We failed, however, to ^ any trace of them. 

I4KK. J^O^Rlff,~S$OOLOOT, YOL. XXJflV, ISj 
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Several species of birds were nesting on the Wallabjr Islands^ and an 
account o£ the species recorded is given in Mr. Alexander's paper. The 
following remarks imy be made here in reference to the photographs taken 
by the author. A large number of birds had congregated for nesting pniv 
poses on the west shore of the West Wallaby Island, several species occurring 
together. At one place iliere were several hundred nests of the Pied Cor¬ 
morant (Hypoleueus oariut hypoleucnu, Brandt), all built of broken twigs 
and branches from some neighbouring bashes, and erected in close contact 
on the sandy shore. Our arrival was the signal for the departure of tlie 
birds, but the less shy Gulls, undisturbed by onr presence, took the opportu¬ 
nity of feasting upon the eggs. Close to the Cormorant colony, Caspian 
Terns, Pacific Gulls, and Silver Gulls were nesting. The eggs were simply 
laid in slight hollows in the sand amongst stray pieces of mollusc shells. 
Beference has already been made to the Mutton-bird excavations. The Idr^s 
must occur in thousands on the Abrolhos Islands wherever the rook is covered 
with sand in which tiiey can burrow. 

Several species of insects were captured on the islands, but the collection 
has not yet been worked up. The ant keeps up its West Australian reputa¬ 
tion and is present everywhere, on tbe smallest islands as well as on the 
larger. 

Thb Mabinb Fauna of thb Wau-aby Grouf. 

The first place to be examined was Turtle Bay on the north of East 
Wallaby Island. The bottom was for the most part sandy with groves 
of Algte, species of Codium being particularly abundant. Zottera also 
oeours here in large quantities. Except for a few Amphipods, both 
Algse and ZoOera were very barren. The shore sand contained a large 
percentage of Foraminifera of which OriiUolUft was the most common. 

very charsmteristic Seterosteyina 'of the Ceylon sands appeared to 
be absent altogether. Nothing of particular interest was obtained on the 
reef-fiat on the east side of East Wallaby Island. Vtrmetut was very 
abnndant, a few sponges and Crustacea occurred, and the coral limestone 
was bmed by lAthodomm and Gephyrea. We used our .^diloride of lime for 
Ciq>taring fish in the rock-pools with some sncoess hme, but unfortunately 
our work was out short by bad weather which caused so mncb ^sturbanoe 
of the water on the reef-fiat, that it was impossible to poison the fish—they 
moved with the waves to other pools I Gnrbest sbore-dollecting was carried 
out on the lagoim side of a small iala^ (loose ecnd fragments heaped hy 
waves) cm fihe outer reef, about, miles to east of the extreme S.E. 
point of .West Widla^ Island. A long spit composed of small Uooks of 
coral ro^a out from this isUm^ and is On^rely aubmerged db high tide. Ilbe 
li^oota hetiqm to ^ north the lihiad was of sand* but with very fine 
iprowliH of. here «ad there, the W^o s|>ecies most abundant hehsg tile 
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purple Madrepora already mentioned, and tree-fungus-like growths of a 
species allied to M. oorymbosa^ forming great flat expansions 3-6 feet across. 
Several large species of Holothurians abounded on the shore of the island, 
and could be picked up by wading. Anemones, Ascidians, and Sponges 
(calcareous and siliceous) abounded, and several Turbellaria were captured 
under the stones. In fact we were able to make a very good general 
collection here. A better place still on our first expedition was the eastern 
shore of Long Island. The beach consists of large coral slabs thrown up by 
the waves, and at low-water mark almost each slab was covered on its under 
surface with a gorgeous array of organisms. Rarely have I met such 
variety and colouring. A straggling brilliant lemon-yellow sponge was one 
very evident specimen. After turning several stones ever and noticing what 
appeared to be }>ieces of this sponge falling o£P, it was discovered that the 
falling pieces were nudibranchs resembling the sponge in both colour and 
general appearance. The species belongs to the genus Notodaris, this being 
the first record for the genus on the Australian coast. It was instituted by 
Bergh for a single specimen of N. dirina firom Rarotonga. Two other 
species have been made by Eliot for specimens from JSanaibar and the 
Maidive Islands. All three are yellow in colour. It is stated in Eliot's 
report that nothing is known of the habits of these animals and further— 

With Mr. Gardiner’s specimen is a piece of hard yellow sponge. There is 
no note, but as the colour and consistency of the sponge closely resemble 
those of the Nudibranch it is highly probable that the latter frequent it.” 

It is interesting to find that this is actually the case and in an entirely 
different region. Our specimens were always found associated with 
the sponge. The Nudibranch moves about very slowly, so far as could be 
observed, and apparently lives in the dark under coral blocks. 

A large number of different species of Brachyura occurred on the Long 
Island shore, amongst which may be mentioned the characteristic species 
Liolphus platUsimus* This j)6culiarly shaped and l>eautifully marked crab 
was exceedingly common. It is an Indian form. Several specimens of the 
Stomatopod Gcmodactylm chiagra were also obtained under stones. 

Small macrurans of a species as yet not identified were common, and 
specimens of at least two species of Alpbms were captured. The Echiuo- 
derin collection contained chiefly large crinoids and asterids. The gorgonids 
were represented by one species. 

On the western shores of West Wallaby Island collections were also made 
on the reef-flat. Five or six species of anemones were to be seen here in 
great numbers. The most abundant molluscs were Astredium sp., with 
beautiful blue operculum (the species is common on the coast both north and 
south of the Abrolhos latitude),, and Vermetus» Large numbers of the 
^iphonophore, PoipUa^ came in over the* reef one afternoon. 
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Hauls with the dredge were made several times just outside Kecruit Bay, 
with a depth of 20 fathoms. We finished up to the N.E. with a sandy 
bottom and an abundance of seaweed. Large hauls of sponges were made' 
here, and compound Asoidians and Echinoderms, including Synapta sp., were 
present in considerable numbers. Echinoderms were always well to the fore 
so far as individual numbers were concerned. Crustacea were' only 
moderately represented, being chiefly Brachynra and Alph'eids, which 
abounded in &e crannies of the coral rooks brought up in the dredge. 
Hacrura were not common on the whole. 

A few dredge hauls were made east of Evening Beef in a rather rough 
sea. The bottom was of sand and small fragments with much weed. A few 
Echinoderms were obtained, including a fine Arivophytm, 

THE EASTER GROUP. 

The Easter Group differs in Mveral respects from the group of islets we 
have just been considering. In the first place it has much more the aspect 
of an atoll with an island in the middle of the lagoon, the total area of the 
atoll measuring about 35 square miles. 

The central island is Bat Island, (2 or 3 small ulets which lie to tlie south 
and are separated by narrow channels a few yards across—dry at low tide- 
may be considered as part of it), and a glance at the chart (text-fig. 8) will 
show that the surrounding reefs encircle it in quite a regular manner 
at a distance varying from 2-5 miles. A gap occurs in the reefs to the 
south of the group, and they are not well develc^d to the north-west 
and north. In other words, the larger entrances to the lagoon are to the 
north and north-west. We shall see later that this agrees with the Pelsart 
Group. It will be remembered here that,encircling reefs were similarly best 
developed to the south of the Wallaby (STroup, wfaUst the chief entrances to 
the lagoons opened to the north. 

The encircling reef to the west of Bat Lda^ does not bear any islets 
above sea-level at high tide. There are several islets, however, on the eastern 
rim forming a chain upwards of eight miles in length. This development 
al.so agrees perfectly with the character of the more southern group of 
the Ahrolhos. Each group of islets is evidently being moddiled by the 
skme forces and conditions. The dep^s of water in the lagoon of the Easter 
Grpup range from '2-22 fathoms, thji^ h<|h>g qidte considerable depths 
on the eastern side of Bat Island between it and, the islands of the rim. 
Before oonflidering, however, the lagoon and the dOril reefs, let ns glance at 
the central Islet—Ito Island. Iliis is tlie largest island of the Easter Group, 
hot; it is ssoaller than miher i;^,the twp 'Waliaby. Xslnnda^ bmng mily a little 
over I mile.long ^from N. to S.j oodlnc^ half a mile broad. 

. The Mots to the south of Bat.lshnid are.four in number andare 
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obviously part of it. They rise from the same reef-flat and show distinct 
signs of having been cot off comparatively recently by erosion. All agree 
in formation and in appearance. Rat Island itself is flat-topped and almost 

Text-figure 8. 





everywhere exactly 8 feet high. The margins take the form of an nndercut 
elrff, which overhangs very ooostderably in most places. Here and there are 
great nussee wUefa have fallw and now are being removed by the sea at 
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high tide. It has been turned over pretty thoroughly by the guano woi^ers, 
so that there is little material left over the rook and one can examine the 
latter quite easily at any point. It is a coral limestone -whioh has tieen so 
compacted that a very hard homogeneous mass has been produced. Professor 
Woolnough, who kindly made sections of this material for me, states that it 
is coral rock completely infiltrated with secondary carbonates and completely 
solid. I consider that the coral limestone of. the central islets is slightly 
older than any rocks exposed as part of the outer reef islets. 

The surface of the island is covered with the usual bushes standing about 
four feet high at most. Many introduced plants occur, the result of the 
residence of guano workers and fishermen. Numerous holes due to 
subaerial denudation exist, and two or three of these may be-termed wells —7 
they probably contain fresh water throughout -the year. It is neither 
satisfactory, nor plentiful enough, for the few guano workers at present on 
the islands, who have all their supplies brought in tanks from the mainland. 

Surrounding the whole of Bat Island is a reef-fiat which is increasing in 
width, for the island is being rapidly eroded to this level. (Hose to the edge 
of the reef-fiat, just before the deeper waters of tlie lagoon are reached, is a 
small boat channel about four feet deep. The section (text-fig. 9) shown 
iUustrates this character. 


Text-figure 9. 



The rim islands of the Easter Gh-onp and tlie eastern area of the lagoon 
have been very closely examined—more so than other parts of the Abrolhos. 
There are upwards of a dozen islets of varying size, some of which can hardly 
be said to be separated from one another, for at low tide one can cross with¬ 
out wetting the feet, whilst at higli tade it is quite easy to wade across. 
Others are, however, separated by deeper channels. 

A channel, with 6-10 faUioms of water, exists where we entered the lagoon 
of the Easter Group (see chart), called Slaster passage hy the fishermen. 
Another one occnrs just south of Wooded Island where the charts are marked 
Channel reported.” Between these two passages titere are no deep 
channels, and one odnld puss more or less easily from islet to islet, a distance 
ef roughly 5 miles. All these islets agree, as might he expedited, in .dbaracter. 
They .-are largely composed of heaped up blocks and fragments of coral. For 
.the greater part these still remain loose and unoement^, or hat slijj^tly so. 
In Wwevm, a more Umeat^e is exposed, as for examfde <m 

'Vfooded fahtud.and on the southern end.of the islet imi|te<iiately.to the nmth 
of ft. it iji a ^gfommute eoBi^mmd weathered fragments of coral. 

The inanimately south the Bist^ l^Bsage is . also largely composed 
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o£ cemented coral fragments. At no place is the height of these islets of the 
outer rim as great as that of Rat Island (viz. 8 feet), and, as we have already 
pointed out, where the land does consist of cemented coral fragments the 
limestone produced is nothing like so hard or compact as that of Bat Island. 

The eastern beaches of the islands in every case consist mainly of 
loose coral blocks, and in places one can see how these are piled in such a 
manner as to form very definite strata by the regular heaping of these blocks 
on the northern shore of Wooded Island. 

In many places, perhaps in most, the surface of the coral blocks is 
covered with sand and guano. The surface of Wooded Island appears to 
be of quite clean coral fragments with a sparse covering of shrubs and 
Metemhryanthemum. I find, however, that the guano workers shifted some 
tons of guano several years ago from the island, and it is quite probable that 
they also cleared this material from the general surface. 

There is a great tendency towards the formation of small or large lakes on 
these islands. This has proceeded to such an eitent that Wooded Island has 
quite a character of its own ; a lagoon of such extent exists that the island 
might be called a miniature atoll. Moreover, this internal lagoon attains a 
considerable depth, for we sounded six fathoms in the centre. The water 
of all these hollows, whether small or large, is salt, and furthermore is in 
communication with the sea. Some idea of the mode of formation of the 
comparatively large lagoonlet on Wooded Island can be deduced from 
the smaller ones on the other rim islands. Thus, on the island imme¬ 
diately sooth of Easter passage is a pit with six feet of water in it 
at the deepest part. It is 58 feet wide across the widest part and 
100 feet long, being roughly oval in shape. The sides of this hollow 
overhang and are obviously being eroded at the water-level. On one side 
a large slab of the cemented coral formation has broken off owing 
to this undercutting. There is ample evidence that these hollow's are 
produced by the combined action of percolating sea-w^ater and <ho weather, 
and in most cases after the formation of the land. By means of a few simple 
surveying instruments, we were able to show that the level of the sea-water 
within the hollow was either the same as that of the sea-water outside the 
island, or within a foot or so of it. Whilst the tide was rising, the level of 
the water within the hollow was somewhere about one foot below the sea- 
level. When the tide was falling, the level of the water within was higher 
tlian sea-level by about the same amount. The communication with the sea 
is therefore evident, and also the lag due to the resistance experienced by 
the percolating water. 

Another much larger *Make” existed on the island we have just referred 
tO| but it is not so as that on Wooded Island. In character it is similar 
to the one already described, and it is obviously produced by the extension 
in area uC such a small one, or the union of several small ones. 
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The floor of the hollows referred to on the more northerly island was of 
hard coral, with a small deposit of oalcareons mnd. Ulva and one or two 
species of mollnsca abound in the water and a fish (a species of Gobbler) was 
captured in the smaller cawity. It is impossible to say whether these fish 
could pass in after having attained the size which they measured—7 to 8 inches. 
They may have reached the interior at a much earlier stage and developed 
there. In any case they ranst have passed at some stage through a 
considerable Imigth of subterranean channel, for it is very unlikely, if not 
impossible, that human hands could have placed them where they were 
found. 


Text-figure 10. 



We have surveyed the rim islet known as Wooded Island and a rough 
map of the same is given (text-fig. 10) which shows the extent of the 
remarkable lake or “ vein.” * Now this velu is of very considerable depth 
(6 &thoms), and from certain points of difference between it and tiie smaller 
ones mentioned, and also from the fact that very similar holes” exist on the 
reef-flat in the lagoon close by, I am inclined to believe tirnt this lagoonlet 
or “velu” had developed before Wooded Island rose above high-tide level. 
In any case, the original vein has been enlarged since, by erosion similar 
to that taking place in the smallest pits, and probably gnano workers have 
shifted deposits from it where the mangrove trees are fohnd. 

One very frequently finds mangrove trees growing in these hollows—in 
i^ust they are restricted to this position on the islands of the outer rim of the 
EMter Group. Several small thickets' occur on the shores of the velu 
of Wooded Isle, and a thicket occurs in a similar dejwession (which, however, 

. • lie term “ vek” is used by Stanley Garfilaer for the legoonlets or deep pools eome- 
timeefimad on the islets of the MaUke atdla. .,1 have not used the term throughout for 
holhkv rdbtred to shove, owing aa nae^fl|n!niy as tb whetiier it would he ooneot to 

^^yhhere. Thekgeonletoa Wood^2s}M^aiseiiu,hoiiwver, to agree both in formation 
saftSfpmamaM vrifli Ito “ vdbos ".of the ' 



HdUtMAK ABbOtdOS ISLAl^DS). 


167 


is without sea-water at any state of tide) on the island immediately north of 
it. This latter hollow (PI. 12) has almost been filled up with guano 
deposits resulting from the hosts of the Lesser Noddy, -which breeds only on 
Wooded Island and the adjacent one. The amount of guano produced by 
the birds is so great that it is actually causing the death of these mangrove 
trees on the northerly of the two islets, and quite half the thicket consists 
of leafless and bleached branches. The nests of the Lesser Noddy are only 
to be found in the mangrove trees. Since ihe guano workers meditate 
an attack on this deposit, and their working months coincide with the 
breeding season of the birds, it is quite possible that the Lesser Noddy may 
leave these islands in the future. 

The Lagoon anp Submerged Beefs. 

’ The usual reef-flat occurs round the islets of the eastern rim. In fact, 
this is a continuous structure running at least from Easter passage to the 
passage south of Wooded Islet, and the islets are only elevations upon it. 
On the seaward side the reef-flat varies in -width, but it has the same 
character throughout. The surface is fairly smooth, not eroded leaving 
sharp points, as in some places in the Wallaby Group, where it is more 
exposed to still water and rain than to the constant wash of the sea at high 
tide. Large hollows occur here and there, and form shore pools at low tide 
in which animal life abounds. As a matter of fact, this reef-flat w'as 
probably our best shore-collecting ground in the whole of the Abrolhos. 
On one occasion the sea w*as calm enough for us to examine the outer 
margin of the reef from the motor dinghy. At the particular place visited 
the reef-flat was about 100 feet wide. Jt rose slightly, not more than a foot, 
at its extreme margin and then descended to a depth of 15| fathoms in 

Text-figure 11. 
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100 yards. It 'was not easy to fix our position and make sonndings, being 
shorUianded, and there was jnst enough swell to make very careful handling 
of the boat a necessity, especially when near tiie edge of the reef-fiat; some 
figDTcw were obtained, bewever, and the diagram indicates the nature of 
the ebpe. 
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Corals were growing actively on the outer edge, and there is evidence 
that the reef is extending seawards although but slowly. There are signs 
that the islands of the outer rim on the eastern side of the Easter Group are 
becoming joined up. There was certainly a deep channel at one time 
between Wooded Island and the one immediately north of it. At lealst 
I judge so from certain peculiar holes and channels amidst the, reefs in the 
lagoon at this point. Now, one can walk across even at high tide, although 
if a strong wind blew from the east it might be diiScult. We shall see 
later that in the Pelsart Group, which seems to represent a stage to which 
the Easter Group is leading, there are very few channels indeed and a single 
long island forms the eastern rim. 

The lagoon reef-flat differed in character from that of the seaward side. 
In ^ome places it was covered and hidden by sand or mud. In other places 
it was eroded in such a way as to be honeycombed everywhere, leaving but 
rotten coral, so that one had to be prepared when walking for at least one’s 
foot going through. This was the case along the lagoon side of Wooded Island. 
Usually the reef-flat ended with an abrupt drop to the depth of the lagoon, 
instead of the slope to the sea-bottom which is seen on the outside. In some 
places, as a matter of fact, it overliangs. There were luxuriant coral growths 
along the lagoon edge of the reef-flat on the shore of Wooded Island, the more 
massive corals being present as well as several species of Madrepore, 
Pocilloporay and Morutipora^ but I do not think the reef-flat is extending 
lagoonwards at this point. Coral growths occur on the floor of the lagoon 
between Wooded Island and Rut Island, although not very luxuriant, and 
often nothing but dead fragments come up in the dredge. North of this latter 
region, ue. between the islets immediately north of Wooded Island and Rat 
Island, the bottom of the lagoon consists ot flue impalpable coral-mud, and 
dredge hauls were exceedingly barren. Further north still, between Rat 
Island and the island iiimiediaiely south of Easter ^)assage, luxuriant growths 
of coral occur once more, and in many places submerged reefs rise suiSoiently 
high to be a menace to boats drawing 8 feet of water. One of these reefs, 
situated just to the left after entering the lagoon by the Easter passage, was 
railier interesting, and some notes may not be out of place hers. 

The reef in question rises up to the surface so that it is exposed at low 
tide. It is ring-sfaa[»ed in form, with a broad opening on one aide~that 
dirked N.E. towards the nearest island of the outer rim. The sketch given 
in &e text (fig. 12) indicates roughly the form of the reef, its dimensions, 
and (he dept^ bf water about it* 

^ The bottom el the small dnolosed lagoon is about 30 feet deep, and living 
eond abomUi. It Is also to bO %and on the floor of the entrance, and along 
the oiiter iBai!gine of the reefi It would Sffear tlmt this structure resembles 
of Ihe Haldive Zsimtdir. It has developed by xotive coral 
Irbm the floo^ of the lagpon^imd it has taken up its present form as 
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A result of natural pbenomena related to the growth of reef-building corals. 
Neither elevation nor subsidence are required to account for it. The only 
other possible explanation is that this ring-shaped reef is all that remains of 
a former mass perhaps at one time part of the outer rim islets some distance 
away from it. In that case erosion would play a more prominent part in the 
explanation of the present form, but would be governed by phenomena of 
normal coral growth. One can 6nd other cases in the Pelsart Group where 

Text-figure 12. 



small coral growths are taking the form of miniature atolls, and neither 
subsidence nor the heaping of debris by waves and currents are responsible 
for the general architecture of these structures. Just as the one mentioned 
above occurs where coral growths are most luxuriant in the Easter Group 
lagoon, t. e. near its northern end, so in the Pelsart Group the northern oi>eu 
side of the atoll is the site of the greatest lagoon coral growth. In the latter 
case it is obvious that the general trend of water in the lagoon is from south 
to north, and the water is more free from sand and debris to the north where 
the lagoon is open to the sea. 

Facnistic Notes on the Easter Group. 

No large mammals ocenr on Bat Island except those winch have been 
introduced, and mention has already been made of the cat which was intro¬ 
duced by the guano workers to keep down the rats. 

The island has been noted by many ornithologists for the vast number of 
Noddy Terns which are found regularly every year daring the months of 
Detober and November nesting upon the bushes. The nests m^e practically 
nothing but “stations” on the tops of the shrubs where the birds lay 
their eggs (PI. 12)v Very often one meets witli shrubs almost cbvered 
vritfa the nests of these birds, the owners refusing to leave them when dis- 
ttirbed, unless actually pushed off. I4erge numbers of Sooty Terns also nest 
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on this island, but they prefer the ground just belovr the bushes. They are 
more timid than the Noddy Terns, and leave their nests on the approach of 
an intruder. 

Mention has already been made of the Lesser Noddy which inhabits the 
mangrove trees of Wooded Island and the islet to the north of it. In the 
case of the latter, the mangrove thicket presents a curious appearance at the 
breeding season. The branches of the trees are covered with picturesque 
nests of seaweed, tiie straggling ends of which hang down ; the birds are 
not at all shy, as may be guessed from the photograph (see PI. 11). 

Reptiles are much less common in the Easter Group than on the islands of 
the Wallaby Group, and no snakes are found. Two small species of lizards 
were seen on Bat Island but not captured. Bat Island was one of the few 
places where we were troubled with Diptera—another relic of huiqan 
occupation. 

The reef-flat surrounding Bat Island did not prove to be a very good 
collecting ground. Vermetus was common as usual, and rock pools con¬ 
taining small fish and some crabs and Macrura were abundant. A living 
speciiiieu of Phytalia was captured in one of them, having drifted in with 
the previous high tide. Corals and gorgonids occurred on the submerged 
blocks of the little jetty which runs out for a few yards on the north of the 
island. Wooded Island coral flats—both the lagoon and seaward flats— 
proved extremely interesting, and were the home of a rich shore fauna. The 
margin of the lagoon flat, which as we have already pointed out presents an 
almost vertical or overhanging wall dropping to about 10 fathoms of water, 
is a beautiful picture of coral growth, a considerable number of species 
occurring side by side. A very large Crinoid lives in enormous numbers 
amongst these coral growths, and in many cases half a dozen or go could be 
picked up in a mass. Their colour woe a gorgeous mixture of green and 
yellow, but unfortunately it left the animal's body with the greatest ease on 
preservation, and coloured everything else a rather dirty brownish green 1 

Another animal which was extraordinarily abundant on this litUe stretch 
of lagoon flat (only on the margin) was a large and beantifal Nudibranoh, 
almost certainly new and allied probably to Dendromtut. I%e singularity 
of its occurrence is accentuated by the fact that notwithstanding its abun¬ 
dance here, not a specimen was captured anywhere else at the Abrolhos, and 
on our second visit in 1915 it was jnst as ooinmon at tiiis place as two years 
before. 

Large simpfo Ascidians and a luge speoiea of ^RerpnlidsB were mai^d 
featiuos of this reef-margin. On the seawa^ «de several iqpecies of 
IflrltonidsB were. oldained, sp. being fairly common- Sea- 

Gf<diins (cliiefly JSeimomHrd mot&n) occur in large numheri, each 
indiyiditejt iu a little hollow m ihe. re*fi«lbt which it lias exoavat^ and 
into it fltik, NudiiHnuwht iiu4 ap.) vuRe 
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extremely common. Wo could have obtained hundreds of specimens of 
Aplysia by merely picking them up as we waded in the shallow water. 
Under the larger coral blocks was a rich ascidian and sponge fauna, and one 
or two cidarids were obtained. Alphetds and other Macrura abound. 

Reference must be made also to our dredge hauls. We dredged in 
the lagoon, but obtained little except on certain patches where we procured 
several species of Ascidians (simple and compound) not met with elsewhere, 
and some coral blocks with Brachiopods adhering to them. Against the 
edge of the reef-flat Hagoon) we obtained little else but fragments of rotten 
coral, and, as already pointed out, further north we obtained coral mud and 
nothing else. 

In the passage south of Wooded Island the dredge brought up great 
quantities of weed. We have already referred to the alg® as being common 
at other places. Asa matter of fact, it appears strange to the writer to 
find so much coral growth and a rich algal flora in close proximity. 
Unfortunately I have not yet been able to see a coral reef in real tropical 
waters—the comjiarison with the Abrolhos would be interesting in many 
respects. On our last exnedition to the Abrolhos we made a good collection 
of these algd3 and they now await examination. 

THE PELSART GROUP. 

We have emphasized the fact that the Abrolhos Islands are extremely far 
south for a rich growth of reefs. It is interesting to note that it is the 
Pelsart Group—the most southern group of the Abrolhos Islets—which 
most resembles an atoil, and which has given us our best collecting. It is 
also the historically interesting region of the Abrolhos. 

The Pelsart “ Group consists of a more or less triangular lagoon 
bounded on two sides by a continuous coral reef, and more or less open to the 
sea on the north. There are three small islets in the lagoon—Gun Island, 
Middle Island, and Square Island—together with some smaller islets not all 
properly charted. Deep water is found closer to the encircling reef than 
to the outer islets of any of the other Abrolhos Groups, and, on the ocean 
side, depths of over 100 fathoms are quite near, whilst even on the eastern 
side the depths are at least two or three fathoms greater than to the east of 
the more northerly islets. 

The Western margin of the Pelsart Atoll is formed of a long reef 
extending for upwards of 14 miles without any breaks, and without any 
heaping of coral fragments above high-tide level to form islets. This reef 
rises about one foot so above low-water mark. 

On the Eastern side of the Pelsart Lagoon there is a typical ritn islet— 
Pelsart Island. This is the longest in the Abrolhos Group and extend for 
about eight miles. It is quite narrow, being in some places only a few 
hundred feet UQi^ose* At the extreme southern en4 of Pel^rt Island (which 



172 


PBOF. W. J. DAKIK : EXPEDmOM TO THE 


runa ronf^hlj N.N.E.-S.S.W.) the reef rans S.W. for a little distance, and 
thra curves round to oontinae in a north-westerly direction as the weiK»nt 
part of the encircling reef. Thus, there is no entrance into the lagoon over 
the encircling reef between the northern extremity of Pelsart Island on the 
east, and the northern end of the Western Beef (see text-fig. 8). On tlie 
North, however, the lagoon is open to the channel between the Pelsart 
and Easter G-ronps (the Zeewyk Channel), and the encircling reef is 
represented by a large number of scattered reefs and islands. There is 
quite a collection of these at the north-eastern corner of the lagoon (Ae 
Mangrove Islands of the Chart). On our second expedition we anchored 
the lugger amidst these islets and used the motor dinghy for work in the 
lagoon. On the first expedition we sailed the lugger through the lagoon 
(beating all the way against the dominant southerly wind) to the southern 
extremity of Pelsart Island, where we anchored not far from the ruins Of a 
wooden jetty. When still some distance away from the encir<ding reef one 
hears the continued thunder of the breaking waves, for the ocean swell 
comes in unhindered till it meets this coral barrier. One can often see the 
white breakers when several miles away owing to' mirage efiects. This 
efifect was noted by Kent, whose observations at the Abrolbos Islands were 
confined chiefly to the Pelsart Islands, and a half-tone production of a 
photograph showing these breakers is given in his work * The Naturalist in 
Australia ’ (page 132). 

A steady wash of water is apparently the usual occurrence over the southern 
and south-western part of the encircling reef into the lagoon, and consequently 
a current of some strength is met with in the latter, the water running from 
south to north. As a result, the lagoon water to tite north is more free from 
debris than that towards the southern part of tlie lagoon. This factor 
determines to a large extent the pontiot||r<*^ legoon coral growths*; 

The lagoon is roughly 11 sea miles across where it is widest, and about 
8 miles from north to south. One does sot meet with the same depths 
fihat are found in the Easter or Wallaby Gb’cmpsy.und over a very considerable 
part of the area of the lagoon the depth varim round two, three or four 
fa^ms. This applies to the whole the southern end where the depth it 
only 8-8 feet, except for a channel whioh is Indicated on the chart and runs 
S.S.E. towards the sonthera end of Pelsart Island. In i^is channel depths 
round 10 fathoms are recorded. Thwe!'is;a very ooniddHable difference 
indeed hetwemi the flow of the Isgeon In mffsrent parts. At the southern 
end it is fiat, with a floor of level oorsl covered ti(iih hat litfie sand, except 
in pctcfaes. Probably the current is too sim»^!'for depomthm of debris 
exo^ in certain places. No. live coral growths were obswved here. The 
bottom ol the ligeoEt aeur Peihurt Isbmd, and idxmt i^^mdte fit* middle of 
its length, h; eomewhat similar Imt w^h n greeter deposit sand. To tite 
nortlix^ of the lagomi (the part ihhdod im the map, text4g. 8, between 
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Square Island and the northern extremity o{ Pelsart Island), the lagoon is 
broken up in the most extraordinary way by reefs. Tbe best illustration of 
their character, that I can think of, is to refer the reader to the well-known 
maze constructed of hedges that one meets witli in certain of our famous 
English gardens. Our attempts to find a way through the lagoon at this 
place, with the motor dinghy, were absolutely the same as those of an 
unfortunate stranger in a inaze.'^ The “ hedges” of the maze are represented 
by coral reefs rising vertically from the bottom of the lagoon and having 
flat tops which stand a little above low-water mark. They are. circular, semi¬ 
circular, straight, and of all manner of shapes. The water between them is 
often of considerable depth, 13 to 16 fathoms in fact, and one careers along 
happily for a little distance only to find perhaps a blind end in front. This 
means a return and another trial along some other channel. 

* Rich coral growths are found in this north-eastern corner of the lagoon, 
and, as a matter of fact, this is the only place in the Abrolhos Group where 
we found fields of Madrepora so close to the surface that they were exposed 
at very low tide. This observation fits in with Saville Kent’s “chromo^’ 
made twenty years ago, but Kent did not know that he had pictured about 
tbe only spot in the Abrolhos Group where such a growth of coral prevailed. 

I am convinced that the greater part of these lagoon reefs in the north¬ 
eastern area of the Pelsart Atoll are due directly to coral growth from the 
bottom of the lagoon, and not to the erosion of an elevated area. Their 
sides rise almost vertically from the bottom, but growths extend outwards 
from the top, and frequently overhanging portions break off and fall to tbe 
bottom to be overgrown by fresh coral. Wherever coral growth is not 
taking place one finds erosion, deposition of sand, or a temporary state of 
equilibrium. Tbe atoll is the. result of no single factor, but of a complex 
interaction of vital, physical, and chemical components. 

The larger islets of the lagoon were unfortunately (owing to lack of time) 
but cursorily examined, but some of the smaller ones on the north were 
visited several times and Pelsart Island itself was examined more closely. 
The smaller islets consist of coral rocks and debris heaped up by the waves. 
Some of those in tbe north, however, seem to have suffered an elevation 
of a few feet, and this also applies to Pelsart Island. The coral fragments 
do not remain loose but are compacted together by secondary deposition. A 
well near the southern end of Pelsart Island enables one to obtain a glimpse 
of 10-12 feet of rock, all of which is coral conglomerate. Much of Pelsart 
Island is composed of loose fragments still, and in some places there are 
enormous quantities of gastoropod shells which have been thrown up. Tbe 
island is 6-8 feet above sea-level, and sand and guano deposits occur here 
and there. Guano workers have, however, visited this island, and con¬ 
sequently the surface deposits have been somewhat tampered with. 
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Mangroves rise from the lagoon flat at many points on the shore of 
Pelsart Island, and they also occur on some of the Northern Islets. This 
coral flat, however, is not to be found forming the lagoon shore of Pelsart 
Island along its entire length ; there are many stretches of sandy beach, the 
sand forming a covering over the limestone flat. 

There remains for farther consideration the encircling coral reef to wind* 
ward of the lagoon. On approaching this barrier at low tide, and from the 
lagoon, one draws near to a kind of great natural weir over which the ocean 
water flows alinost constantly. The reef is two or three hundred feet across 
and the surface is smooth and well worn by the water. Few blocks of loose 
coral are to be found on it and practically no stones to turn over, except 
where they lie in a hollow—a rock-pool at low tide. Besides these small 
pools, however, there are largo cavities—great pot-holes. Near the lagooli 
maf^in in one or two places were also irregular excavations which were 
perfect pictures at low tide, for amidst the scattered coral growths were long 
needle-spined echinoids and thonsands of Ashes—huge Gropers {Acherodut 
ffouldU) and other species which probably enjoyed the seclusion of these 
cavities so well supplied with food. The antennae of the large Crayfish 
Panulirtis penicillatus projected everywhere from the crannies. We have 
already remarked that there are no islets on the western margin of the atoll. 
It would appear as if the ocean swell was too iK>werful to allow any heaping 
of coral fragments to take place. Broken pieces ol coral must be eonstantly 
thrown on the reef from the outer face and yet there is no collection of this 
on the reef itself. The lagoon is noticeably more shallow near this windward 
side than against Pelsart Island to leeward. Borne i^^ea of tl)e force of the 
waves is appai^nt from the fact that half the engine-room and some other 
sections of a ship, the ‘ Windsor,’ now lie littered on this reef noi far from 
the southern extremity of Pelsart Island. They have been picked up from 
the bottom outside the reef and thrown on top. of it* 

The Fauna of the Pblsabt Grow. 

There is little to add regarding the terresi^al fauha of the islands. As 
might be expected, it is poorer than that of the islands of the more 
noHhera groups. The bird fauna alone is abundant, and ma^ species were 
found nesting in considerable numbers^ inoindipg Mutton-birds, Sooty Terns, 
Noddy Terns, and Ospreys. Beyond a small lizard, which occurred also on 
Bat Idaud, no other vertebrates were observed. 

The marine fauna, on the other hand, was daoidedly interesting. In this 
connection we may mention certain dredge hauls token in the Zeewyk 
Obnnel just north of the Pe^rt Group,. The bottom was sandy with 
lumps of worn nulUpore md shells, ^be ditodge brought up hundreds of 
Holbtiiuiiafis of two or three specie, one being particularly common. Large 
quantities of t^darid# were comtoou at titu seme place^ but we?e few 



HOUTMAN ABROLHOS ISLANDS. 


175 


star-fish and these practically all Ophiuroidea. In contrast to the banls at 
almost all other places, we obtained bnt few sponges and fewer ascidians. 

Our most interesting finds were obtained by shore-collecting on the outer 
reef, starting from the southern extreme end of Pelsart Island and working 
south and west. At this spot we obtained the first specimens of any 
Enteropneust to be recorded from the West coast of Australia. They were 
found in the coarse sand which lies in a few places, sheltered in shallow 
hollows on the reef-flat close to the lagoon. On both expeditions we 
obtained them by sifting the sand through the fingers, and nowhere else but 
here on the Pelsart Reef were we successful in finding any. The animals 
were translucent and of a pale yellow colour. They varied in size, one 
of the larger specimens measuring 12 centimetres when somewhat con- 
tr^Lcted. After fixation very great contraction takes place and dimensions 
of fixed specimens are of little value. The species has been described 
by the author in another paper, and is regarded as a new species of the 
genus Ptychodera allied to P. Jlava. It has been called Ptychodera pelsarti 
after the famous voyager whose ship was wrecked on the group now bearing 
his name 

On the same reef, in close proximity to the spot where Ptychodera occurs, 
we found a large species of Pagurid particularly common—each shell bearing 
three or four large anemones. The gephyrean Bonellia was found for the 
first time on the coast of West Australia. It has since turned up several 
times on the coast, off Fremantle, but the species has not yet been investigated. 

The Pelsart Atoll seems to be a particularly happy ground for Echinodermata. 
Several species of Echini occur on the floor of the lagoon, each occupying its 
own area. A very fine si>ecies, resembling the English Echinus esculentvs in 
size, occurs in immense numbers on the floor of the lagoon at the southern 
end of the atoll. In another region not far from this we passed over large 
numbers of Asterids. Very few Alcyonaria have been obtained from the 
Abrolhos, and so far as our collections go these were all obtained on the 
Pelsart Group. Some were collected on the reef near its extreme southern 
point, whilst others were abundant on the northern shores of the islets termed 
the Mangrove Islands on the chart. 

Some of these islands, together with the coral reefs, forhfi a small well- 
sheltered area known by the fishermen as Whale’s Bay. It is entered by a 
narrow channel from the north, and, as it is quite close to the open sea and 
in a very suitable position for departures to Geraldton, it is well frequented 
by the fishermen, who anchor there for the night. I was informed that the 
spot was well known to the fishermen as a place to which whales resorted to 
scrape off their attached barnacles. The skipper of our lugger said that they 
bad on more than one occasion had a whale scraping itself against the anchor 

^ e Joom. Linn. Soe., 2oqL xxxiii. (1916) pp. 85-100^ pis. 10,11. 
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chain. I was rather sceptical at first about these stories, bnt am quite oertun 
now that whales do resort to this small enclosed area for this purpose, for we 
had visitors whilst 1 was there. As it is not easy to find the entrance, and 
the area is bnt small, any other good reason for the frequency of whales in 
this particular spot seems to me entirely wanting. The visitors whilst 
we were there were specimens of the Humpback. 

A detailed report on the general faunistio characters of the Abrolbos 
Islands will be written up after the various collections have been investigated 
by specialists. ' 

CONCLUSION. 

The Coral Formations of the Ahrolhos Islands. 

It will be convenient if our observations on the coral reefs of the Abrolhqs 
Arbhipelago are brought together in the form of a theory relating to the 
origin of these islands. 

To this end it will be advisable in the first place to repeat in summarised 
form certain observations that have been made. They are as follows :— 

1. The islands consist entirely of limestones for the greater part composed 
of recent corals cemented together by secondary deposits of carbonates. In 
places, as, for example, the lowest rock exposures on West Wallaby Island, 
the limestone consists of foraminifera, eohinoid spine fragments, and nnllipore 
fragments, cemented together by secondary murhonates into a compact rock. 
The corals and molluscs are all recent and sballoW'Water species. 

No signs of any plutonic rock, or other rock older than the limestone 
mentioned above, are to be found. 

2. The more northerly islands, t. e., tbe large central islands of the 
Wallaby Group, show signs of considerable elevation, cliffs of limestone 
rising to heights of 30 feet. The isllribds the southern groups are not 
nearly so high. 

3. All the iedand groups show evidence at a more recent elevation of about 
8 feet. This is marked by the terrace on tjhe Hast and Wept Wallaby 
Islands, and by the uniform flat worn surface of other islands which rise to 
about the height of this terrace, i.e., Bat Island, some parts of Wooded 
Island, Gun Island, Pelsart Island (part)^ and some of the JUangrove 
Islands. 

4. The most southern group of the Abr<dhos Islands, the Pelsart Group, 

takes the fonn of an atoll. The lagoon depths are moderate, 17 fathoms 
being the greatest recorded, and the dep&s on the outside of the euoiroling 
re^ are not very great, averaging probably about SO hi^omS, but not less 
pn the wart sMe where the de|dhs are.omisiderable a few miles away. Tbb 
a^noe of c^th is doe to the fact that t^ atoU rises from the oontanenial 
shelf, whieh is uniformly level ovdr a oon^e»ble ares. Had this sea- 
bottom mme rapidly, there is nh Ihe outtvntd jpowth of tiie 
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enoiroling reefs with talus formation would have resulted in greater depths 
on the western side of the encircling reef. 

In this connection it is worthy of note that Darwin in un appendix to his 
famous work, ^ Coral Reefs,’ p, 230, refers to the Abrolhos, about which it is 
true he bad very little information, in the following terms :— 

Houtman’s Abrolhos (lat. 28® S. on west coast) have lately been surveyed 

by Captain Wickham (as described in Nuut. Mag. 1841, p. 440). 

From the extreme irregularity of these reefs with their lagoons, and from 
their position on a bank, the usual depth of which is only 30 fathoms, 
I have not ventured to class them with atolls, and hence liave left them 
uncoloured.”® 

The reefs of the Pelsart Atoll cannot be said to be arranged irregularly, 
and the fact that the islands rise from a bank is no reason against terming 
any of the groups an atoll, unless we argue that every atoll must be formed 
according to Darwin’s views. 

5. I consider that the Wallaby and Easter Qroups represent stages in the 
formation of such a type as the so-called Pelsart Group. Easter Group, for 
example, can be compared with an atoll having still a large island in the 
centre of tiie lagoon. The Wallaby Group is least like an atoll and consists 
of a group of islets, the remains of a large limestone mass, surrounded by 
irregularly arranged reefs. North Island is still practically only an elevated 
limestone topped with sand dunes and rising from a reef-flat which extends 
seawards. Lagoon formation is only commencing on its eastern side, and 
encircling reefs cannot be said to exist. It is possible that North Island will 
develop along the lines indicated by the other groups. 

There are several interesting points of resemblance between the Wallaby, 
Easter, and Pelsart Groups. In the first place, the large openings into the 
lagoons are always found to the north. This is the only way into the Pelsart 
Atoll. Both the other groups can be entered from the south, but careful 
navigation of the channels is required. We find u long rim islet without a 
break, in the Pelsart Group, and we have noticed that there is evidence of 
confluence of the rim islets in the Easter Group to bring about a similar 
condition. More primitive conditions prevail in the Wallaby Group and the 
rim islets are not even regularly placed. It will be noticed that rim islets 
are developing on the eastern, the leeward, side in each group. 

6. Judging from the presence of certain elements in the fauna of the 
Wallaby Islands—the Wallabies, and the Amphibia—it is extremely probable 
that land connection existed between the mainland of Australia and this part 
of the Abrolhos Group at least. 

The foundation of the Abrolhos. Groups is probably Tertiary limestone, but 
of this we have no very direct evidence. It is worthy of note, that north of 

e Uncolsored on the map g^ven by Darwin. 
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the Abrolhoa Tslands the eea is deeper at a similar distance from the coast. 
In other words, the Abrolhos Islands rise from a bank connected with the 
coast. We mast start therefore from the stage when limestones formed 
largely of corals, 'foraminifera, mollusoa, and calonreous algse were elevated 
in this region and nnited to the mniniand of Anstralia. In fact, tlie west 
coast of Australis may be said to have been brought much further west. 

This elevated limestone was weathered and eroded, and it is very likely 
that the channels between the present gronps of islands bear some relation to 
the presence Of small rivers, the Hutt Mver, the Bowes Biver, and the , 
Ohapman River, opening on the adjacent coast. Daring this period the 
Wallabies and Amphibia inhabited the extreme western region of the coast 
now represented by the East and West Wallaby Islands. 

This period of elevation was followed by one of depression or subsidence 
and. of this there is ample evidence on the present West Australian cout. 
JnisoD* states: “ In the vicinity of Perth the coast-line was formerly farther 
west, as indicated by the drowned valley of the Swan River.” Farther 
examples occnr in the south-west and also to the north. Thus the same 
author states, The North coast is the most broken in West Anstralia. Deep 
sounds and bays run far into the land, and are manifestly the drowned 
oentiiniations of the adjacent rivers. This region has been deeply dissected, 
probably to maturity, and then enbmerged. It thus affords excellent 
iUostrations drowned valleys.’' 

This subsidence may be considered to have sepantted the Abrolhos 
Islands from tiie mainland. It is also possible that a &nlt running approxi¬ 
mately N. and S. oocors between the islands and the mainland, and has 
helped to bring about separation, for tliere **« several faults running parallel 
with the coast in this region. In any case snbsldence together with erosion 
resulted in the separation of probably ftAtr land masses from the mainland, 
the ancestors of the present four groups. 

We have now four islands of coral limtestone, ami we may sssume that 
either the altitude of the more northern ones was higher than that of the 
others before subsidence, or else that the subsidence was not gnilonn and the 
Boutdiem island was depressed most. This i« to aeoount for the much greater 
altitude of the Wallaby Isles to^isy. ^ * 

Around the original islands endrcling reefs have developed, whilst at the 
same Bme erosion has taken place and tendsd'to remove them, lagoons taking 
their plooe. 8u<^ erosion hss produced least effect so far inf the Wallaby and 
Noctli. Island Groups, probably owing to their grhater elevation to start 
witli. Evidenoe of this erosion is everywWe present. The Ihmt and West 
Walltdiy Ddands have been aii|pai!at«d, and a series of maalt Idols to the 
oast of them a.re all remnants of Uie original oentml meii. An oxodleitt 

* latS(m. ''anOutUnsoflbeJ^jwisgnfihyarWeaamAim^^ (led, Saw. 
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illastration of this erosion is left on the reef-flat to the west of West 
Wallaby Island and is depicted (Plate 14. fig. 7). It consists of a limestone 
mass which overhangs on all sides, and agrees entirely in strnctnre with the 
rook of the adjacent island a few hundred feet away. A few more years 
and it also will have gone. 

Erosion has done much more in the ^ster Group, where the original 
central mass is now represented by Bat Island. The lagoon is deep, 
particularly on the eastern nde, and there are several islets on the encircling 
reef to the east, of which Wooded Island is an excellent example. These 
islands consist for the greater part of heaped coral fragments, loose or 
cemented into a conglotnerate, and very frequently lagoonlets are present 
on'them. 

- In the Pelsart Group the central mass is now represented by only small 
islets, and they are few in number. The outer reef is much more regtilar 
than in the other groups, and is practically unbroken on two sides. 

So far, we have emphasized the action of the sea in producing the 
lagoons. We must add that in some places the reefs are progressing 
seawards on the outwai'd margins by coral growth, whilst the area of the 
lagoons is increasing. 

Small reefs occur irregularly in all the lagoons. In some places they 
represent portions of the original limestone mass; in others, as for example 
near the Easter Passage and ’at the N.E. end of the Pelsart lagoon, they 
have grown up from the floor of the lagoon. 

Thus in the formation of the lagoons at the Abrolhos Islands the greatest 
factor has been that of erosion and solution. Coral growth has modified 
this action in places, and the heaping of coral blocks by waves and currents 
must be also taken into consideration. Subsidence has played practically no 
part in lagoon formation. 

As to the future, the East and West Wallaby Islands and their adjoining 
fragments will be probably still further reduced. Rat Island in a similar 
manner will be farther eroded, and the Easter Group become still more like 
a typical atoll. The depth of the Pelsart lagoon at the extreme southern 
end will probably decrease owing to deposition of material washed over the 
encircling reef. 


APPENDIX. 

In tim concluding section immediately preceding this, a short summary of 
the observations on the coral formations of the Abrolhos Isjands has ^n 
given. To this we may add a ^ort snuimary of other data. ' 

1. Tbe Percy Bladen Trust Expeditions to tho Abrolhos have been arrangod 
for the-pnrpose of obtaining information tsegunling the formation of <^0 
Itiiiida, ^e eanditihiis pM’mitting of conUHreef fprmatioia in this sontbem 
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latitude (the Abrolbos are probably the most sotithern coral islands in the 
world), and the fauna of this region of the southern Indian Ocean. 

2. There is evidence that the temperature of the sea at the Abrolbos is 
usually some degrees higher than at the adjacent coast, and that as ai result 
the temperature during the winter months rarely falls below 20^ C. 

3. In consequence of this hydrographical condition, the temperature of 
the water at the Abrolbos only very exceptionally falls below a point that is 
detrimental to the active growth of reef-building corals. 

4. The difference in temperature between tbe coastal waters and those 
50 miles out, is due to a tropical current from the North and North-East, which 
passes down the coast but is deflected away from it^ leaving a strip of colder 
water against the land. 

5« Any phenomenal preponderance of tropical species in the marine fahna 
of tlie Abrolbos region of the Indian Ocean is due to this tropical current. It 
remains to be seen, when the cfollections are worked up, to what extent the 
marine fauna is a mixture of Tropical and Southern types*. 

6. A great blank in our knowledge of the distribution of marine organisms 
in the southern Indian Ocean will be lulled up by the study of these collections 
from the Abrolbos region in conjunction with those to be obtained from an 
expedition to the north-western coast of Australia, which is to follow as part 
of this investigation. 

Tbe collections so far examined give every indication of this, as for 
example the record of a new Enteropneust, and many species of other 
groups for the first time on the West Australian coast. 

EXPLANATION OF THE FLATEa 
Plats 10. 

[Fig. 1.] Face of Limestone cUE, Tartle Bay, East Wallal^ Island. 

Plats U. 

[Fig. 2.] Lesser Nodd^, on nest in Mangrove Ewan$« 

Plats 12. 

[Fig. 3.] Noddy Terns nesting on Bat Island. 

Plats la 

Fig. 4. Noith^eastem coast pt East WalWiy Islaod. 

Hg. 5. Limestone ciifii, TorBe Bay, Eilat Wallahy Islaod. 

a 

PliTB ■ 

^ Uaderoot l^Bieston., North Idiuid. 

Wig. 7, I^nestoae ''Piagade’' on W«st Walkhy Itlaacl. 
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Bestorations of the Head of Osteolepis, By Edwin S, Goodrich, F«B.S,, 
Zool. Sec. L.S., Fellow of Merton College, Oxford. , 

(With 6 Text-figures.) 

[Read 17th January, 1916.] 

The genus Osteolepis is one of the commonest and best-known of the early 
Devonian Teleostomes. Nevertheless the exact disposition and homology of 
the superficial bones of the head are still but imperfectly understood. Two 
recently published restorations of the head, one by Gregory (6) and the other 
by Watson and Day (14), differ so remarkably from each other that it seemed 
advisable to reinvestigate the subject; for the Gsteolepidse are a very 
interesting and important group. In many respects, as for instance in the 
form of the paired fins and in the cosmoid structure of the scales, they 
approach the Devonian Dipnoi such as Dipterus (Goodrich, 4, 5) ; while, on 
the other hand, the skull shows undoubted affinity with the early Amphibia 
(Siegocephali). Huxley, I think unfortunately, in his valuable work on the 
fishes of the Devonian epoch (7), included Oiieolepis and its fossil relatives 
together with Polypterm in the one group Crossopterygii. Polypterus^ 
however, as I have endeavoured to show elsewhere (8), really differs funda¬ 
mentally in its structure from the Osteolepids, and is almost certainly an 
aberrant Actinopterygian preserving some primitive characters. But, how* 
ever this may be, there can be little doubt that the Osteolepida^ have departed 
less from the structure of the common ancestor of tlie Teleostomi and 
Tetrapoda than any other known fish. A thorough understanding of the 
structure of the skull of Osteolepia is, therefore, of the greatest importance for 
the elucidation of the homologies of the bones in the higher Vertebrates. 

The most complete restorations of the skull of Osteolepis yet published 
are those given by Pander in his well-known monograph (10). But, 
beautiful as are his figures and excellent his reconstructions, they can by no 
means be trusted in every detail. Since then, Traquair has contributed a 
very good restoration of the whole fish (13), without detailed figures of the 
head ; and Smith Woodward in his text-book (15) has given a figure of the 
roof of the skull, which is in all essentials correct. As already mentioned 
above, in his interesting discussion of the origin of the Tetrapoda (6) 
W. K. Gregory has figured restorations of Osteolepis mkrolepidotus^ admit¬ 
tedly based on Pander^s work; while D. M. S. .Watson and H. Day, in their 
valuable paper on '^Palseozoic Fishes’’ (14), restore Osteolepis maerolepidotus. 
Three s6te of these figures from Pander^ Gregory, and Watson & Day are 
We reprodooed for comparison (figs% 2, 8, 4, A 5}* 
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For my own restorations (figs. 1A & fi) 1 have not only liad the benefit of 
the work of my predecessors^ but have been able to study a large number 
of esoellent specimens in various collections. I have to thank the authorities 
of the Museum of Practical Geology, Jermyn Street^ for affording me every 
facility for the study of the fine series in their keeping, also Prof* Sollas 
for the loan of specimens in the Geological Department of the Oxford 

Fig. 1 A. 



Restoratioii of the head of (hteol^ nuteroki^tui^ Ag. 
Bofaal vleW|, eida3;ged. 

(For letteiiog see ig. 1B.) 

; 


«ap«ciially Dr. 4.* Smith Woodward for hia 
J^doeu and halpfalnata dwiog my freqnant vkita to tfao British 
Ifiwm ol Hatand Uiatory.^ 

M ior tbe gmiemf diaporiatm of tba i4all-idatw oonotod wiSi oosmiae the 
lor ^ottotTM, «)d tmly oertria poiati of dooht or disagree, 
seed be diaosssed h detail, f1i»t of «B i* wsy mesthaaiad W 
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although my restorations apply more particularly to 0. ma^olejAdot'UBf 
yet I find no important difference between that species and 0. microUpidotus. 
The most careful scrutiny has convinced me that the supposed transverse 
series of small plates behind the parietals figured in 0. mieroleptdatus by 
Pander, and accepted by Gregory, are not separate elements. They are 
parts *of the supratemporals and parietals, and the often incomplete lines 


Fig. 1 B. 



Restoration of the head of Ogteolepis maerolepidotusj Ag. 

Left side view. 

a, fingtdar; main lateral-line canal; d, dentary; e, ethmoid included in rostral shield; 

fr, frontals fused in middle line and eiiclosiog the pineal opening; toe, infra-orbital 
canal; it, intertemporal; jugal; /, lacrymal; fy, lateral gular; mde, mandibular 
canal; my, median gular; mar, maxilla; ti, nostril; na, nasal included in rostral shield; 
0 , orbit; op^ opercular; p, pineal opening; preopercular; pope, preopercular canal; 
pff, postfrontal; jjto, postorbital; n, rostral shield; se, scale»like plate overhanging hyo* 
mandibular; bo, supraorbital; supraorUtal canal; $op, subopercular; Bpo, dermal 
suprooccipital or postparietal; sq; squamosal; Bqe, squamoMl canal; st, supratemporal 
or ptsrotic ; Btc, supratemporal eanid; tb, tabulate; toe, transverse occipital canal ; ty, 
ventral paired gular. 

which were supposed to be sutures marking them off from these bones are 
merely superficial grooves involving only the cosmine layer, and possibly 
indicating the presence of rows of small pit-organs or some other sensory 
structures. 1 can find no evidence of the existence of such a tmnsverse 
series in any other Osteolepid ; and an examination of the under sur&ce 
um. lOTOW.—XOOLOOY, TOL* XXXIV* 14 
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shotrs in this region the bone stretching nninterrnptedijr from &re* oeetrw 
of ossification on each side, and three only : the parietal, the intei^tempwal, 
and the snpratemporal. Grooves similar to those jnst mentimied are found 
on the frontals, diverging from the hinder border (as figured by Pandmr, 
see fig. 5), on the squamosal, and on some of the trnnk scales rBaning 
between, the lateraMine scales and the mid»dorsnl line. The diverging lines 
on the frontals do not mark off the postfrontals as suggested liy Gregory; 
these bones are distinct bnt small, harbour the latersl>lioe canal, and seem 
jnst to reach the edge of the orbit. A distinct intertemporal is present. 
A snture separates the two parietals; bnt the frontals are fused snpeiiBoially, 
altliougb the suture can be distinguished on the inner surface. In one 
specimen a small plate and a minute nodule, possibly transparent in tiie 
living, were situated in the pineal foramen. Jaekel figures several such 
plates in Diplopterm (8). In front of the frontals the snout is covered by 
a shield formed of small plates the outlines of which can still be distinguished 


2. J(ie. 8.; 



Fig. 2. Restoration of the donoi, A, and ^ B, of the heed of OUeolepu awro- 
Ag., from Oiegdiy (8), 

Fig. 8. Bestoratiim of the donol, A, sad right etdev ^ ef the head of OittaU^ wmro- 
ItpUaiut, Ag., from Wetsoo A Xlay (U}. 

2 & Ss— 

J>,dontaryf B.&.,dfmiudeiqpneeeifital; Pfr FV>,lmati^} i^gtdsr;I.^.,iDter- 
opncidarl It, iataitetapoial; Jk, Jugel 5 £e, lactjuati.l.il^j atasSla; n, aoetril: 
If A, Basel j OP, operealar; PA, pe^} ff, prefrostel; >.0. t postarUtal 
Pafi-. & P»/., poetfrnital; P.P, pottfiM; Qj., gaadi^iiiiid; % tfkmii ; 
% aqumuoasl; &0P, sabopenmlat; ATyei^ntempoml^ PAFie Jl!, taholsie. 

jtu «xt<mt on the inner surface. and I fiiid here a 

^^7 ucdiaa e&m^ between, the Attocet at eaitiMne 

’ th^ rounded i^am can singly, he. efr 

q^meiis is o^l^y «ibmi^;h7 Ik^ 

,«if lower po^terimr nm^ ii pailfB. htilmted oa the 


h^lfidedgeoi 

whi^memue 
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reeanred ventral border of the shield. At the hinder oomer of the skull, 
between the squamosal, tabulare and sopratemporal, is a small triangular 
plate, figured by Pander and Gregory but not by Waison and Day. This 
soale-like plate seems to have been attached to the snpratemporal and possibly 
overhnng a spiracular opening. Below it passed the head of the large 
eorved hyomandibular (traces of which can often be seen) to articulate with 
the Bupratemporul. 

The lateral aspect of the head is by far the most difficult to interpret since 
&e bones are here almost always mnch crushed and displaced, especially 
near the articulation of the jaws. Nevertheless, there can be no doubt of the 
existence of a large curved squamosal covering the whole of the cheek behind 
the postorbital and jugal. It has been well figured by Watson and Day, but 
Pander seems to have considered that it consisted of three plates, being partly 
misled by the curved superficial groove shown in figure 1B. The squamosal 
reaches down to the articulation of the jaws, covering the quadrate region. 
Just behind its hinder edge, and overlying the end of the hyomandibular, is 
a small plate, the preopercnlar. This element is not figured by Watson and 
Day, but is possibly the one drawn by Pander and designated quadratojngal 

Fio. 4. Fio. 5. 



Fig. 4. Diagmm of the bones of the skull of Otiedkpi* maevolq^tdottu, from Paader. 

Fig. 5. Bestoiafion of head of (Mtokpu microlqMi»tu$, from Pander. 

by Gregory. If so, its true position has not been correctly determined by 
these authors. For a long time I doubted the existence of this separate 
element which is almost always considerably displaced; but after very careful 
examination of tlie most favourable material was finally convinced of its 
presence. The conspicuous large opercular bones pass ventrally into a geries 
of lateral gular or Wmchiostegal plates, which end In a pointed anterior 
element wedged in between the vmitral gular and the lower jaw. Pander^s 
restoration of the lower jaw appears to me much more correct than that of 
Watson and Day. No trace could be found of the series of infradentaries 
figured by the latter authors. The dentary and angular are obvious; an 
^opucoolar’ or {HwUchlar plate seems to have oovered part of the inner 
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sar£ac6, wbile Enrther forward there are indications of a splenial showing 
on the lower outer surface. Of the existence of this element, however, 
1 could not make certain. 

Special attention was devoted to the course of the lateral-line system. It 
is not included in the figures of Watson and Day; hut Pander studied it with 
considerable success. Becently it has again been figured by Collinge ($) 
without, however, adding much to Pander’s results. Tiiese authors seem 
to have indicated in their restorations the distribution of the lateral-line pores 
rather than of the canal itself. The distribution of the two is by no means 
always the same, since the pores often stray far from the canal with which 
they are connected by delicate branches, and may be dotted about somewhat 
irregularly. The double broken line in my figures indicates the course of 
the canals only, as they are often beautifully revealed in the fossils. 

The main lateral-line canal passing from the body scales enters the hinder 
region of the tabulare (often called supratemporal), runs forward through 
the supratemporal (pterotic), intertemporal, and postfrontal. About the 
middle of the tabulare it gives off a transverse occipital branch which joins" 
its fellow f^om the oftposite side in the median dermal supraoccipital (post- 
parielal). That portion of the canal which lies between the origin of the 
. transverse occipital and the origin of the infraorbital branch may Iw called 
the temporal canal. It is generally considered to belong to the infraorbital. 
In the postfrontal the canal branches into an upper supraorbital and a lower 
infraorbital canal. The former proceeds along margin of the frontal to 
the rostral shield, where it describes an ele^nt curve and appears to end 
close to tbe nostril. 1 could find no anterior oomnnssure; if such exists 
it mnst be on the ventral surface of the snout. The hitherto unrecognized 
junction of the supraorbital canal in tbe postfrontal bone with the infraorbital 
canal which runs np through the poabsVbital frbm tbe jugal I have been able 
to trace quite clearly. In tbe jugal a borisohtal branch is given off from 
the infraorbital canal; Imsses backwards acress the squamosal, and 
apparently joins the preoiMMUular canal wifich enters tbe angular^ and 
proceeds forwarde to ^ fe^ <^d of the dentary. < '.. ' 

These lateral-line canals of special importa^Jl^Miii comparing the 
skull of fishes with iliat of the primitive Tetrapoda. ''!jP^!ji|at‘d (U), Baur (9), 
Allis (1), and espemally Hoodie (9), h«ve already sAde use of tbe canals 
in A.mia and Pc^ptenu in oompariMn Udth the. Stc^oeephali, where the 
hoame of lateral line is often mark^ hj groonm. Bpt these modem' 
ffiih ate sp^^l^ed in many respeets, and the i^ttern of Dstechgow agrees 
more d^jr'ierith tbe St(^;ooOpiMdian (see Hoodie’s figares> 9). However, 
% is mst felnt|Sidsed to enter ie^ a -detailed ^seussion ocAsfmrisOn in this 
paper, but it imy be polBlsd oat that the horiMatid oqnamosid mtaal 
inenihwed.eil^^ is uhittaeterMo «iso ^ the Btogoci^^hltiliw tt is posidbly 
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represented by tbe ' hyomandibtilar canaP of Selachians. A further study 
of this region in the Stegocephali might enable tis to determine tbe homology 
of the> lateral bones of the skull, especially of tbe quadratojugal, ^hich is 
still very obscure. Judging from modern forms, the preopercular canal must 
have been supplied by a postspiracular branch of the hyoniandibular nerve; 
we should not, therefore, expect to find it and the bone containing it in the 
skull of an Amphibian. Although a canal is known to have been present in 
the lower jaw of some StegocephiiHans, its connexion with tbe more dorsal 
canals does not seem to have been made out. Tlie settlement of this 
important point might help us to determine whether the preopercular is 
really represented in the Amphibian skull or not. 

In conclusion attention may be drawn to the remarkabh^ uniformity in the 
structure of the skull among the Osteolepidae. Thursius^ Uiplopterus^ and 
even MeffalichthyH seem to differ in no important respect from Osteolepis in 
the numlKir and <Hsposition of the bones on the head. The Rhizodontidse 
also closely resemble the Osteolepids ; and, exicept for the presence of infra- 
dentarics and for tjiie subdivision of the squamosal, the restorations of 
Rhizodopsis made by Traquair (12), that most accurate of observers, would 
serve almost equally well for Oisteolepis^ as may easily be seen by comparing 
his figures with mine. 


List of References. 

1. Allis, E. P. : On Certain Homologies of the .... Bones of Aniia 

calva. Anat. Anz. vol. xvi., 189y. 

2. Baur, G. ; The Stegocephali. Anat. Anz. vol. xi., 1896. 

3. CoLLiNGE, W. E.: The Sensory Canal System in some Fossil Fishes. 

Proc. Birmingham Phil. Soc. vol. ix., 1895. 

4. Goodrich, E. S. : On the Scales of Fish. Proc. Zool. Soc., 1908. 

6. - Vertebrata Craniaia, Pan 9 of a ‘Treatise on Zoology/ 1909. 

6. Greuory, W. K. : The Problem of the Origin of the Tetrapoda. Ann. 

New York Acad. Sci. vol. xxvi., 1915. 

7. HrxLET, T. H.: The Systematic Arrangement of the Fishes of the 

Devonian Epoc*b. Mem. Geol. Survey, 1861. 

8. Jakkel, 0.: Debar die Epiphyse u. Hypophyse. Sitz, Gesell. Naturf. 

Fr. Berlin, 1903. 

9. Moodie, R. S. : Lateral Line of Extinct Amfihibia. Journ. Morph. 

vol. xix., 1908. 

10. Paedek, 0. H.: Die Saurodipterinen des Devon, Systems, 1860. 

11. Pollard, H. B: : On the Anatomy and Phylogical Position of Polypterus. 

Zool. Jafarb.f Abt. Auat. vol. v., 1892. 



186 


BISTOBATl<«rH or TBS B&M) Or OBTKOUtnS. 


18. iBAQtTAiB, R. H.: CraDtal Osteology of Mldaodop4*. Trass. Bay. 800 . 
Edinburgh, vol. xxx., 1881. 

18. - Extinct Vertebrata of idle Moray FirUi Area, ' Fauna of Mony 

Basin,’ 1896. 

14. Watsok, D. M. 8 ,, and Oat, H. : Notes on some Palseosoie Fishes. 

Mem. Manchester Lit. Phil. Soc., 1916. 

16. WooowABO, A. Smith : Vertebrate Palmontology, 1898. 





LfNNEAN SOCIETY OP LONDON. 

BULBS BOB BOBBDWIBO BOOKS VBOX 
TEB LXBBABT. 

1. Ho 'mon tiiwa Six Toluntes sball be lent to one petwm at tb» 
MUM ^bae trithont <&e speei»l leave of tbe CSimiieil or cmo of Ibe 
Seeietviea. 

3. All books shdU be retoraed beftm the expinUaon of Six weeks 

ftoBB the tone ^ diehr hehif taken out, kf not xe^ixed by asqr oMmt 
lUlow, diey. nay^ on af p R e a t ioin, be-.Jbept for a forthMr feried of 
Six we^«'; * ;• 

8. All bo(As lent diall be regidaHty Mtnred by the Librarian in 
e book i^^n^riated for thMt fUi^piMe. 

4. No wcvk fonsing part <4 linnanis's own ltdbmy shall be lent 
out of the libraay under any efaeameHiimeei 

Nora ,—CtrUm o^tr wait art inehuM fo llUb proMtiMa, aeal as 
001^ filwwtifai awrfo, vohmwa hibmgim^ la ads wMdi mdi nM is 
rtftuaai if la<l, and wnfoimd partt of uriaitt,. 

A. All eaniage shaiyaa na booln «» be da&mydl by the Fellow 
boKfow^kheeane. 

5. AH buHewnl tetaraed to be bad 

pfotected. Bom>>ifon wSI 1 m kdd Bilide Inf an^ ifoakage «IK** 

to iin|aeoper paci^iif. 

r. Newly piibBilted boolu Anlt net mt'MIuni/f'mtii 

aflMT the expbiii^ of QUO iBMidt fran the date of their m 


‘iMAlilVl mmtt 'itf'.'lkiA ^ - Miiibaiiin' ^ 

}(•">'yfVr. -'vu >• , ... 




NOTICES. 


Th> ftttentioa of the Fellows, and of liibrariaos of other Sooieties, is 
requested to the &ot that TWO rolames of the Jonrnal (Zoology) 
are is ooorso of simnltaneoos issue, as follows 

Vot. 38. Nos. 222 and 223; No. 234 is in the Press, and will 
oomplete the volnme. 

Vox.. 84. Nos. 235 and 223, tlw present number. 


■> 

Avthot# are mititled to Ifk copies ef their oommnnieations 
gntnitoimly, and maj obtain anoAer T8fiigrment, as lAowii on the 
which aoosmiMuiies dm pcwf. nUMottiao 100 copies ere 
iwrtec^ mi^ be made to ^ 

Abehmols of ^ preoeediafi el eeeli Oenend Mee^ ud Agenda 
ungjtkmgm mnuMbd to sO SMIoMl 


A tumm IAOS0OK, 

f • 

ANWtaf^t 




Kutoa 30,1930. 


Wf iet 


THE JOUENAL 

OF 

THE LTNNEAN SOCIETY. 


Vou XXXIV. ZOOLOGY. No. 227. 


CONTENTS. 

P«g« 


I. A Post-Pn^ralus Stage oE Jatus lalandii (Milne Edw.), Ortmann. 

By J. D. F. GHiOHiust, M.A., D.Sc., Ph.D., F.L.S., Professor 
of Zoology in the UniTersity of Cape Town. (Plates 13 & 16, 
and 13 Text>6gares.) . 189 

II. On the Linnean Species of Non-Marine Mollnsba that are repre¬ 
sented in the British Fanna, with Notes on the Specimens of 
these and other British forms in the Linnean Collection. By 
A. 8. Kkkkard, F.G.S., and B. B. Woodwabd, F.L.S. £03 

III. The Exoponew. By W. A. Haswell, M.A., D.Sc., F.R.S., F.L.S., 
Emeritus Professor of Biology, Univorsitj' of Sydney. (Plates 
17 A 18, and 2 Text-figures.) . 217 

rV. Spoua ltc¥nANA.-~lV. Notes on the Abundance of some Common 
Marine Animals and a preliminary Quantitative Survey of their 
Ooeurrenoe. By W. A. flSBnifAN, D.Sc., LL.D., For.SeG.B.SM 
F.L.S., Professor of Oceanography in the University of 
Liverpool. (With 8 Text-figures.) . 247 


LONDON: 

SOLD AT Tim SOCIETY’S APARTMENTS, BURLINGTON HOUSE, 
PICCAIHLLY,W.l, 

AKD BT 

LONGMANS, GBEEN, AND CO., 

AND 

WMil^AMS AND NOEGATE. 

‘ 1920 








LINNEAN SOCIETY OF LONDON. 


LIST OF THE OFnCERS AND COUNCIL. 
Elected 24ih tfa^. 1919 


PRESIDENT. 

Dr. Artliiir Snith Wo<»dwHd, F.Il.8. 
VICE-PRESIDENTS. 

Dir. W. BAtoaon, F.BB. | R. I Poeoek, F.RS. 

HotM. W. MoBekton, F.G.8. | Dr. Hurald Wager, F.B.S. 

TREASURER. 

Homm W. HondtteBt F.QB. 

SECRETARIES. 

E.S-.Ooodrieh,U.A.,F.BB. | Xte. A. B. Bmidle, F.R.S 


OBNBRAD SECRETARY. 
Dr. B. Daydoa Ja«)nap. 


Bdauad G. Bakw, Em. 
Dr.W.BfttMon.F.BR 
Brat Bvtaaa, D.Se. 

E. T. Bttnm., U A. 

B. S. Bone, Baq. 
0taiilwBdiwi^F.Z.& 
FMtl.B.F«3raMr,F.B.S. 
X.8.Goeddek,F.B.fi. 

Sk. B. DwAon laekaon. 

0.0. B.^. 


COUEOl.. 

G«r4dW.£.];A>d«,M.A. 
Bomm W. JfoiuAteiw F.GB. 
U.L BwoA»F.lUI. 

Ur. A.kBMdkbF.lLa 

!MUira A. Loaraiii Stuliik. 

Astkar W. Satton, Era. 

Ik'. BlMold Wager, F.B.S. 

Dk. a. fl ya i tk IVoad v.rd| F.B.S. 


th* CMtam «r 'wlA tlN ia 

3i.Xl3flBSkiX.BBk. — 

aaSSiH ^ 

Bw£B.B.ibSA^F.«a 


BMStlf. Wkk^A 

It B BMhnnIi F<IB. 



A STAOE OF JAStJS LALANDII. 


189 


A Post-Puerulus Stage of Jasui lalandii (Milne Edw.), Ortmann. By 
J. D. F. Gilchiust, M.A , D.Sc*, Ph.D., F.L.S., Professor of Zoology 
in the University of Cape Town. 

(Platfs 15 k 16, and Text-figures.) 

[Read 3rd April, 1919] 

Since the description of the early larval stages of the C^ape Crawfish in the 
Joarnal of the Linnean Society (4, 5) farther information has been obtained 
and may be put on record. It is now {)ossibIe also to compare the results 
with what has been done in the ca^e of the New Zealand Crawfish, which, 
after careful examination by Mie^^, Ha^^well, Parker, McC^y, and Ortmann, 
is now accepted as identical with the (*ape species Some of the early stages 
of thU have been noted by Thomson (8), Caiman (3;, Aichey (1), while 
Gruvel (6, 7) and Bouvier (2) have directed attention to young stages found 
at the Island ot St. Paul, thuv affording material for eoinpari&.on and the 
further building up of the life-history of this widel,\ distributed ctustacean. 

The object of this note ih the filling in of another gap in the life-history, 
by a description of the stage immediately ‘succeeding the pueiulus ‘^tage, and 
representing the transition to the adult form, but difieiing fiom it in ^-oiiie 
respects This was rendered pos‘*ible by the procuring of living specimens 
in the puerulus stage, and rearing them to the next stage. This afforded 
also an opportunit} of obser\ing the habits of the puernlus, which may be 
first noted. 

The specimens were procured by trawl in Table Bay on four occasions in 
the months of November and December in 5 to 14 fathoms of water, and 
were transferred to the Marine Laboratory at St, James near (^ape Town, 
They proved to be very active aniinaU. When placed in the tank, they 
immediately darted to the bottom by a strong flexure of the tail, and hid 
themselves below the weed and stones placed there. When driven out of 
these places they quickly sought refuge elsewheie, sometimes on the under 
surface ot some weod floating at the surface of the water. Contrary to 
what was expected, they were never observed to swim about by means of 
their abdominal appendages, which are specially well developed at this stage, 
as if for this purpose. They seem to be vegetarian in their habits, as they 
fed on the seawoed, but not on animal food placed beside them in the ^ank. 
The flesh of fish, crabs, and molluscs was oftered them, but they paid little 
or no attention to it. 

The most noticeable change observed was in the colour. When first 
procured they were very transparent^ with the exception of a few bright 
spots of a reddish colour on the under side of the body. After about three 
days in the tank, some of them were observed to be assuming a darker shade, 

UKN. jrOtUr.~20Ol.OCT. vox.. IXXtT. 15 
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o£ a brownish colour. This appeared first on the antennue^ ooourring at 
intervals along their length as in the adult. Pigment then appeared on the 
large ocular spines behind the base of the eyestalk, and finally on the abdomen, 
legs, and thorax. On the thorax it appeared first at the spots where the new 
spines of the next stage are forming, giving the appearance of more spines 
than are really present in this puerulus stage (PI. 16). This was very 
apparent when the first shell was cast^ this being seen to have only the few 
spines already described^ while the spines of the new cuticle are much more 
numerous. The late stage of the puerulus has the external appearance^ 
therefore, of the post-piierulus stage, and this, as we shall see, has given rise 
to some confusion between the two stages. 

The colour of the animal at this late puerulus and the beginning of the post- 
puerulus stage is of course identical, and was as follows in the living state 
The fiiagella of the antennae had a series of dark rings at intenals, and, 
between these, were yellowish white in colour, which was also the colour of 
the second and third segments of the antenme. The antenniiles were of a 
dark colour on the segments, yellowish between, and th^ir extremities were 
bright red. The large frontal spines were of a bright pinkish red colour, 
the other spines greyish brown. This last colour was also found, usually in 
the form of a patch or stripe, on the segments of the walking-legs, the joints 
between them being a light yellow. The whole carapace, excepting the 
spines, was also of a light yellow colour. The abdominal segments bad 
patterns of slaty pnrplish-brown colour, which was again seen on soino of the 
spines of the telson. 

The bright pink spots of the underside of the body, characteristic both of 
the phyllosoma and the puerulus, begin to grow fainter at the time of the 
assumption of the general coloration of the body above described, and have 
disappeared completely by its completioiK 

Both the late puerulus and post-puerulus stages have been found in the 
sea in tow-nets, and these show a more marked and brilliant coloration, the 
red pigment of the antennules and rostral sjunes Ap{>6aring also on the walking- 
legs. The general coloration is shown in Plate 15, drawn by Mr. G. Birbel 
from a specimen just captured. 

In about a week after the puerulus was put into the tank the cuticle was 
shed. Only one individual, however, survived this process, and this one died 
soon afterwards. .Most of them were able to free themselves completely 
from the abdominal region and the thorax, and, to a large extent, from the 
appendages, but the gill regions seemed a sotirce ©jP trouble in getting rid of 
the old outicle. This partial eedysis, however, had the advantage of rendering 
it possible to compare any particular part of an individual puerulus with the 
part which succeeded it in the next stage. That this next stage was not a 
repetition of the preceding, but involved a more or less marked meta- 
morpibosisjwillbd seen from the following description of the,changes involved. 
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The recognised characters which distinguish the larval puerulus from the 
adult are (1) the large size of the pleopods, and j)articularly the presence o£ 
special coupling hooks at the end ct the aj^pendin interna^ which join the 
pleopoJs of opposite sides of the liody together in pairs, (2) carapace and 
tclson wdtli fe.w spines, the former being somewhat square in transverse 
section, and having distinct lateral ridges, (3) presence of exopodites on 
the thoracic appendages, (4) third maxillipedes separated at their bases, 
(5) absence of cervical groove ; and to these I may add others whicli seem of 
importance, namely (6) character of the mandible, and (7) u fan-like group 
of setae on the antennules, which may for convenience be referred to as the 
“ antenuular screen.” 

The changes which take place in these features in the transition to the 
next stage are as follows :— 

(1) The Pleopods. 

The metamorphosis of the pleopods is showui in figs. 1 and 2, which are 
camera lucida drtewings of the last pleopod of the right side, showing the 
cast cuticle, and the organ which has taken its place, both from the same 



Fig. 1,—Last pleopod of post-puernlus. Fig. 2.—Last ploopod of puerulus. 

ap,i„ appendix interna; cji.y coupling hooks; en.j endopodite; 
exopodite; prot, protopodite. 

animal. It will bo observed that the exopodite has l>ecome smaller, but the 
chief reduction in size is in the endopodite and the appendix hiterna, both 
of which undergo a reduction to about three-fifths of their former size. 
A marked change is also observed in the plumose set®, which cover both 
sections of the limbs in the first stage, but are only found in the exopodite 
in the next, the endopodite now being entirely devoid of them. The single 
long plumose seta, characteristic of the appendix interna^ has also disappeared, 
but the most marked change is in the complete disappearance of the coupling 
hooks (fig. 2, c/i.). Examination of later stages shows that apparently both 
in males and females the endopodits is similar, though in later stages the 
endopodite of the female is larger and setose, while in the male it disappears 
altogether. 
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(2) Carapace and Telton. 

The carapace, with special reference to the arrangement of spineS;, has 
been described by Bonvier (2) in 1912, and Archey (1) in 1915. Bonviei^s 
specimens were described by Gmvel (6, 7) as the yonng of Jatut UdandUt 
from three examples proonred from the Island of St. Paul. Bonvier agrees • 
tiiat the pnemlns is to be referred to this species, both from the fact that this 
is the oidy palinnrid found on the island, and from his examination of the 
specimens. 

The arrangement of the spines of the carapace he describes as follows: 
“Oatre les deux paires d'4pines frontales caract^iistiqnes des puemlns, la 
carapaoe prdsente une ^pine gastriqne et, de ohaque c6t4, deux opines 
branchiales ant^rienres, Pune h I’extr^mit^ mdme de 1'arf‘te dorso«lat<§ra)e, 
I’autre situ^ un pen plus en arriire et an voisinage de la region gastriqne. 
On observe h I’dtat de rndiments une paire d*4pines gustriqnes postdrienres, 
deux paires snocessives d’^pines oardiaqnes, et nn ranges d’dpines marginales 
po8t4rienres.” 

Archey's specimens were from Stewart Island, New Zealand, and he 
describes the spinnlation of the carapace as follows:—“ Sapra*orbital8 large, 
projecting upwards and outwards, with a very small spine immediately at 
their bases; post-orbital smaller than supra-orbital and each nith a still 
smaller spine behind.” Farther details are indicated in his figure, which 
shows two small spines at the base of the median gastric, and three pairs of 
cardiac spines, that is, more spines than in Bonvier’s specimen. He states 
that the ‘8{nues though few are distinct, widlo Bonvier found that the 
posterior gastrics and the cardiac, as well as ^e marginal spines, were rudi¬ 
mentary and were much in the form of **sailllea obtasss tr^ pen visibles.” 

In the Gape specimen (5) no spines^ere found alongside of the median 
gastric, no pair of posterior gastrics, and only one pair of cardiacs, while 
the row of marginal spinas found botir by Bonvier and Archey were not 
seen. 

All these accounts thertfore, of the number and arrangement of the 
s^es, differ from each other, and it would appear either that there may be 
a variation in the species in the widely separated localities from, which the 
specimens were procured, or that, if a larger number of spammeos bad bean 
availabhi for examination, iadiridnala ivo^ have been found to vary c(hi> 
eiderably. The question as to whether er not the pnaznlns, as wall aa the 
eaooeeding stapes, aro iduraoterieed Igr the posseesioa «! a d^iffie number 
and arrangemieat of epines is an impmtimt one in any attempt to f^low out 
the Ij[lis4HSiory of tim animals detail, and, with a vi«w to timow some light 
«a tina point and the appaireMi'dtsen^pmmy in the deaeriptiona, aU the Gape 
pneruB pronamd (about 30) wens roisiniimined. It was Amnd timt, whSo all 
of thorn had the thirteen spines whieh I orlgimdly dsneribed (f), a good 
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many showed, on closer examination, a varying number of small additional 
spines, and a few, many more than in any of the three accounts. The 
meaning of this became apparent when the specim^s, which bad been reared 
to the post-pnenilns stage, were examined, and it was possible to compare 
the oast cuticle of the puerulns stage with the new cuticle of the stoge 
following. The cast cuticle, when examined by a lens, showed only the fifteen 
spines, as originally described, while the new cuticle showed many more. 
These ha<l not of course appeared suddenly, and the apparent presence of a 
varying number of additional spines, more or less distinct, in most of the 
pueruli, is due to the presence of spines arising under the old cuticle, but not 
affecting it. To make quite certain that there were no additional spines 



3.—Spines of earapaoe of postopuerulos. S^es of carapace of pnenilus. 

esmi., cardiac;^. 1, frontal ;/r. 3, small spine behind it; post., gastric or poBt*orlHtal; 

hepatic: hr., first inferior branchial; med post., median gastric; wp.br., first 

saperioi btanehiaL 

even in the form of obtuse projections of the cuticle, it was examined in all 
positions by a lens. The cuticle of the post-pnernlos stage was then removed 
from the tody and examined miorosoopically along with the cast cuticle. 
Figs. 3 and 4 are omnera Inoida drawings of the two, showing the general 
, arrangement and number of the spines. It will to seen thiri three of the 
i^ines ui the puerulns are merely slight elevatimrs of the ontiole, namcdy 
the me^n gasfric and the cdngle pair cardiacs, all the others being , well 
devel^p^ and widb sharp points. I3ie eardtaos alone had a few sets. The- 
cf tilM ptob^pnernlns, on the oth^ bad all the prominent spines 
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of the adult, and most of the others were repi est nted by rounded prominences 
provided with hairs. In a late puernlns with all the spines developed, it 
may be observed by using a lens (though with some difficulty) that these 
spines lie under the smooth surface of the onticlo of the pnerulus. That this 
is really the case may, however, be placed beyond doubt if sections are made 
across the animal in a late pnerulus stage. Fig. 5 shows such a section 



Fia 6,-—Transvene section of posterior margin of carapace of a late pnerulus. 
ea. 1, cuticle of puerulns; eu.S, cuticle of post-puerulus; »j»., spines of post-pnerulus. 

across of the pO'»terior marginal spines, and it will be seen that they do not 
affect the puernlus cuticle. It may be reasonably concluded, therefore, that 
the puerulus stage, so far as the evidence goes, is characterised by a definite 
number of spines on the carapace, and it may be pror isionally assumed tliat 
other young stages may also bo determined in this way. 

What has been said of the spines of the carapace applies also to those of 
the telson. The telson of a post'pnerulns stage and its cast cuticle of the 
pnerulus stage were compart microscopically, and a very distinct adi ance 
noted (figs. 6 & 7). In the pnemlos there is « pair of strong spines in the 



Q.v-Telaaa of poat'pusrulaB. Fro, ^.">Cast cuticla of tiilsm of paaralua. 

c fu lare of tfao untericsf and; botween these nod tbfi' first marginal spine are 
two snore sfliies, there being a third, df small dimenskms, at the baae of the 
first marginal spiiiie and tatv^g pari of it The marginal spinee hre five in 
nnmlber, the last hedng indtstfasot. Besiliss these there were no «lh«rs. In 
Om postHpaesnlas telsoit, however, there li n oenepienotts dehfale row pi ten 
spiiMS rmufing along the eentre, and, «n nath mde^ ^hrte ttfos ef tees iregiikr 
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arraagement and fewer epinee. There are still, as in the puernlns, two 
spines between the large anterior median spines and the first marginal. 
They are, however, closer together and there is an additional small spine at 
the base of the first marginal. These marginal spines are now six in 
number, this being the number in the adult, where, however, there are four 
accessory spines to the first marginal, and the other marginals have accessory 
spines. In some of the larger ph 3 'llosomas, believed to be of Jcuun, there 
were two median anterior spines and three marginal spines on each side of 
the telson. These latter, however, were not free, bnt under the cnticle. 

Before leaving the carapace it may be mentioned that there is in the post* 
puernlns no trace of the lateral ridges of the pnerulus stage, the carapace 
being rounded as in the adult. 

(3) Exopodites of iealking-legi. 

One of the legs was compared with its cast cnticle and no trace of the 
sxopodite, whic^ is easily seen in the cast cnticle, was found in the new 
limb. There was, however, a slight bulging of the cuticle, apparently marking 
the place of the exopodiie. 

(4) Third maxilltpedet. 

No marked difference was observed in the two stages with regard to the 
relative position of these appendages, being widely separated at the bases in 
both. This is readily observed and may be a useful character to separate 
this post-puerulns from succeeding stages, for in a specimen only 27 mm. in 
length they are close together. The exopodite in the post-puerulus was. 



Fio. R.— Third niaxilUpede<tfpoi>t>paetuIiu. Fio 9.—Third maxillipede of pnerulus. 

en , endopodite; ex., exopodite; pr^., proti^odite. 

however, decidedly longer, reaching to the meropodite as in the adnlt. The 
addlMonal length was made np of a segmented fiagellnm. The relative 
leng^ of tiiie non^gellar parts is the same from the puernlns to the adnlt 
{figs, 9 A 9}* 
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(5) Cervical groove. 

The absence o£ a cervical groove is said to be a distinctive feature of the 
puerulus. This was found in the post-puerulus stage, but not so well marked 
in the dorsal region of the body as in the lateral regions, especially in front 
of the two large anterior branchial spines. On microscopic examination it 
was seen that this part was well defined by a line of low elevations of the 
cuticle (fig. 3) which become the row of spines bounding the hepatic region 
in the adult. 

(6) Mandibles. 

An interesting difference, and perhaps one of the most important, between 
the puerulus and post-puerulus is found in the changes which have taken 
place in the mandibles. These seem not only to distinguish the two stages 
from each other, but also both from the adult condition. Thus, in the 
puerulus stage, the mandibles are provided with a thick cuticle, which shows 
no differentiation except three low prominences on the cutting surface. 




Fio. 10.—Mandible of post-puerulufi. Fio. 11,—Mandible of puerulus. 

mandibular palp $ 1. 1, t, 2, 1 3, teeth of mandible. 

The first and second of these, counting from the side next the mandibular 
palp, are usually close together, though, in some cases, all three are about 
equidistant. The third being situated somewhat internal to the other two, 
though still forming part of the cutting-edge, I formerly suggested ( 4 ) might 
prove to become the molar or grinding part of the adult mandible. An 
examination of the post-puerulus does not, however, entirely confirm this. 

The changes which have taken place are illniitrated by figs. 10 and 11, 
which are camera lucida drawings of the shed cuticle of a puerulus and the 
mandible of the postrpuernlas stage, which takes its place, both from the 
same specimen. The mandibular palp (jo.) is now fully formed and is pro¬ 
vided with three segments and setss. The beginning of the mandibular 
spine IS also indicated but only by a clear line in th4 cuticle, ahidi will form 
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the hinge of the mandible. The three prominences or teeth of the mandible 
are more marked, and a cutting-edge on which there is a series of small 
denticles of irregular shape, has appeared between the second and third. A 
few of these appear also on the first and second tooth in some specimens, not 
in all, and, at their base, a large one was in all cases found, ending in three 
sharp points. These denticles are readily distinguished from the rest of the 
thickened cuticle, on which they lie, as they are of a dark brown colour. 
Doubtless their appearance is associated with the change in the feeding 
habits of the animal. They disappear in the subsequent stages, in which the 
mandible has become calcified. 

The change in the third tooth is marked. From a mere undulation of the 
cuticle in the puerulus it has now become prominent and conical, with a 
cleft apex, and is situated behind the cutting denticulate outer margin of 
the mandible. The part which it takes in the formation of the adult mandible 
is now apparent, for in the latter the main part of the molar surface is formed 
by a cleft or V-shaped prominence, which is apparently the transformed 
third tooth. Tlie inner limb or ridge of the prominence forms the thick 
posterior margin of tho molar surface. The whole of the molar surface is, 
however, not formed from the third tooth; for, behind the second tooth, there 
is a ridge running backwards, which fades off into a rounded prominence, 
thus forming the rest of the molar surface. 

The second tooth therefore undergoes a transformation similar to that 
which occurs in the third, for it becomes a V-shaped ridge, one limb of 
which forms the outer cutting-edge of the mandible and the other the molar 
ridge just mentioned. The bifurcate characters of the second and third 
teeth are better seen in the early calcified stages than in the adult where, 
however, they can readily be made out. Thus in a small crawfish 27 mm. 
in length, in which the mandibles only are calcified, and in a later stage 
32 mm. in length, in which both mandibles and cuticle of the body generally 
are calcified, these two V-shaped structures are readily distinguishable. 

(7) Antmnular screen. 

Another marked change in the transition from the puerulus to the post- 
puerulus is the disappearance of a bundle of long feathered setm, arranged 
as a fan-shaped structure, on the upper side of the distal end of the first 
segment of the antennule. It is not readily seen in a surface view, as it lies 
at right angles to the axis of the antennule, and it is obscured by the thick 
antennae in a lateral view. If, however, the antennules are removed and 
viewed laterally, the setae are very obvious. There are about half a dozen of 
them all inserted close together in a short transverse furrow, thus forming a 
sort of screen in front of the auditory pit, which lies at the other end of the 
same segment. The auditory pit is as yet widely open, and is protected by 
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short feathered seise round its margin, so that it seems not an unreasonable 
conjecture that this screen is for the further protection of the organ at this 
stage, the large antennas forming effective protections at the sides. Its 
function may, however, bo sensory, but, whatever it be, the structure would 
appear to be necessary only at this stage, us it is absent in the phyllosoma, 
and very much reduced in the post-puerulus. Fig. 13 shows the structure 
in the shed cuticle of the puerulus and fig. 12 its reduced condition in the 
antennnle, from which it was cast off. The setic have, in the second stage, 
Iwcoine very much shorter, so that, whereas they could reach beyond the 



Fig. 12. R^uced antennular screen Ro. 18.—Antennulnr screen 

in post-puerulus. in puerulus. 

Mg. 1, first segment of antennule; teg. 2, second se^ent of antennule. 

distal end of the second segment in the puerulus when bent forwards, they 
now could scarcely reach to the distal end of the first segment. 

In older specimens the set® become further reduced, though, even in the 
largest crawfish, they are found in this position., The furrow, however, in 
which they are lodged is well marltod, though relatively shorter, being in the 
adult about a fifth of the diameter of the antennular segment. It is some* 
what semilunar in shape, the concavity lieing directed forward. It has a 
number of pit-like depressions for the setae, and these are often separated by 
marked prominences in the cuticle. In front of this semilunar furrow is a 
shallow depression in which the setae lie. The persistence of this organ, in 
tlie adult in such a definite form, seems to suggest some function, which of 
course cannot be, in this case, the protection of the auditory cavity. 
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(8) Colour, 

The colour of the post-puerulus stage has l)een described above. This, as 
pointed out, apj)ears in the later piierulus stages, and is accompanied by the 
appearance of the nev/ spines of the succeeding stage. To be quite accurate 
tljerofore, if we are to regard the increase of spines as a characteristic of the 
second stage, we must also consider I he coloration to be so, the puerulus 
being strictly colourless, except for the bright spots on the under surface, 
found also in the phyllosonia. 

Neither in the puerulus nor jjost-puerulus does the median rostral tooth 
meet the antonnular segment as in the adult, a fact already noted in some 
specimens in the British Museum, from Stewart island, New Zealand, and 
briefly described by (klman (3), who was the first to throw light on the real 
significance of the genus Puerulus, In a specimen with well calcified cuticle 
and 32 mm. in length it just touches it. In a larger specimen of about 
40 mm. two slight projections of this segment were seen on each side of the 
tooth, but not clasping it, as in the adult. 

The same is true of the relative length of the antennular and antennary 
peduncle, the former being markedly the shorter both in jmerulus and post- 
puerulus, and even in much more advanced specimens, about 55 mm. in 
length, they are only about equal, though decidedly longer in the adult. 
This feature therefore cannot be regarded as characteristic of the puerulus only. 

A comparison of the earlier stages, the naupliosoma and phyllosoma, of 
the Jasus lalandii of the Cajie with that of New Zealand is of interest. 
That this first stage is also found in the New Zealand crawfish is now 
established. In the year 1906 Mr. G. M. Thomson ( 8 ) described a stage of 
Jasus lalandii which resembles (he naupliosoma (4), but the antennules, not 
the antennm, are described us bearing plumose sot89. A further discrepancy 
is the presence of five pairs of pereiopods, instead of three found in the Cape 
phyllosonia. Mr. Thomson kindly sent me a copy of his note, which is 
readily overlooked as it is included in a paper by Mr. Anderton on “ Obser¬ 
vations on New Zealand Fishes.” I suggested a re-examination of the 
New Zealand larva, in view of what I had found in that of the Cape crawfish, 
and in the year 1916 Archey (1), without however any previous knowledge 
of Thomson’s paper, redescribed and figured these early stagf*s of the New 
Zealand crustacean, and concluded that the first larval form is identical 
with that which I described in 1913. There are, however, some slight dis¬ 
crepancies : thus, for instance, he figures free setj© on the endopodires of the 
first and second pereiopods. This may be accounted for by the fact that 
the cuticle of the naupliosoma is first shed in these parts, and some of the 
subcuticular set® may have thus become free, this part of the limb representing, 
therefore, part of the phyllosoma limb. 
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I may add that though T have here spoken of a post-puerulus stage, this is 
only for convenience. All such “stages” are artificial,and strictly there are 
as many stages as there are ecdyses before the adult form is reached. 

Much remains still to be done before a fairly complete account of the early 
stages of the Cape crawfish can be given. Thus, the transition from the 
phyllosoma to the puorulus is not known, and the embryonic development is 
untouched. The first will be a matter of a lucky haul of the nets, the 
second is now being carried out. The material consists of stages from the 
first formation of the blastoderm to the time of hatching. It has not yet 
been completely examined, hut I may state in connection with the present 
paper, that the naupHus stage in the egg was found to occur forty-two days 
before the time of hatching and setting free of the first larva. 


Summary^ 

1. Several pueruli of Jasus ialandii have been kept alive to succeeding or 

ppst-puerulus stage, which shows the following changp« :— 
a. The red spots on the underside of the body disappear, and the whole 
of the upper parts become coloured. 

L The spines of the carapace (of a definite number in the puerulus) 
become much more numerous. 

<\ The antennules lose the antennular screen of the puerulus. 

d. The mandibles resemble those of the puerulus in having three teeth, 

but differently disposed, and a cutting-odge has appeared. Denticles 
appear between and on the first two teeth, as well as along the 
cutting edge. The palp has become ihree*segmeoted. 

e. The exopodites of the pereiopods have disappeared. 

/. The exopodites of the third masjilipedes are longer, by the addition 
of a flagellum. 

ff. The cervical groove is well marked at the sides of the body. 

/t. The pleopods have become smaller^ espeoially the endo|>odite, which 
is now devoid of setse ; the coupling hooks and seta of the appendix 
interna have disappeared. 
i. The telson has additional spines. 

2. The post-puerulus differs from succeeding stages in the following 

respects ;— 
a. Cuticle uncalcified. 

h. The incisor part of the mandible is providj^ with denticles on the 
margin of its thick cuticle. 

6*. The pleopods show no sexual differentiation, 
d. The third maxillipedes ire separated at their bases. 

3. The occurrence of a nanpliosoma stage has been confirmed in the New 

Zealand Jaeue lalandii^ and the phyllosoma and puerulus are similar. 
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EXPLANATION OF THE PLATES. 

Plate IS. 

Hrawiiig showing natural colours of the post-puerulus stage. 

Plate 16 . 

Four pueruli, showing various stages in colouring. From a photograph of 
spedmeus hept alive for six days. 
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On the Linnoan. Species of Non-Marine Moilnsca that are represented in 
the British Fauna, with Notes on the Specimens of these and other 
British forms in the Linnean Collection. By A. S. Kennabd, F.G.8., 
and B. B. WooDWAKD, F.L.S. 

[Read 2J si Novembtjr, 1918.] 

Thanks to the active researches of Mr. C. J). Sherhorn, A.L.S., for the 
‘Index Aniinaliuni/ j>rosecuto(l for now some thirty years, of Mr. Iredale, 
Mr. Ileynell and others, oar knowledge of the work of the earlier writers 
has been so greatly increased, especially of late, that I here now seems some 
chance of approximate finality ))oingattainable in the matter of nomenclature 
on the basis of priority—at least in the case of the British post-Pliocene 
non-Marine Molliisca witli which we are particularly concerned. 

Accordingly we are attempting a more thorough revision of their synonymy 
than essayed by in 1903 (Journ. of Conch, x. pp. 352-367) and 1914 
(List of the British Non-Marine Mollusca, 8vo, pp. 12). 

Naturally one of the first steps in this undertaking has been to re-investigate 
the Linnean types, which have not been scrutinized since Hanley wrote his 
account of the whole collection of shells (Ipsa Linnsci Conchylia, 1855), 
save for the incompleled investigation of Mr. J. W. Taylor and Mr. W. 1). 
lioobuck in May, 1914, when they examined and isolated all the British 
land and freshwater shells (Taylor, Monograph, iii. p. 17), 

Now it had occurred to us that Linnc^s contemporary and correspondent, 
the c(debrated 0, F* Miiller, was likely to have known more about the great 
Swedish Naturalises work than was usually credited, despite the fact that 
many of Linne’s species do not find place in Muller’s ‘ Vermium Historia’; 
and we accordingly proceeded to test the supposition. The first point of 
importance in this connection proved to be that Midler in a paper on Fungi 
(Efterretning .. • om Bvampe i sa?r Bbr-Svampeus velsmagende Pilse. 4to. 
Kibbenhavn, 1763) described the slugs that fed on them, identifying three 
with Linnean species and des<;ribing, though not naming, two others. To 
one of these last Linnc in the twelfth edition of his ‘Systema Nature,’ 
gave the name of LimaiV alhvs, citing Muller's paper (a copy of which is in 
his library) as his authority. Miiller, however, omits in his ‘ Vermium 
Historia ’ (ii* p. 4) to quote this although elsew here in its pages he refers 
abundantly and solely to this edition. 

We then sought further evidence in the letters from Miiller to Linne im 
tibe Society's possession, and under the kindl}- guidance of Dr. B. D. Jackson 
discovered the following postscript to his letter of 21 Novembr. 1767 :— 
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^^Testacea Svecise, si Tibi snpersint mecam communicare precor, qase 


seqiiuntur mihi nondum obvia. 


My a lutraria. 

Helix albella. 

Nerita littoralis. 

-margaritifera. 

-oomplanata. 

-lacuatris.” 

Bulla hypnorum. 

-spirorbis. 


Turbo perversus. 

-arbustorum. 


-muscorum. 

-fragilis. 

-limosa. 



Beneath the address on the outside of the letter when folded, and in the 
le{t«hand lower corner, was written : — 

“ avec un paquet 
marque C. de 

An identical memorandum also occurs in the same position on another 
letter dated 21 May, 1773. 

Another of Muller^s letters, dated 4 Martii, 1768, begins 

‘‘ Litteris tins etsi & verbis & re satisferi, mitten do Tibi Stirpes, 
testacea ac dissertationes quasdam Italicas, ad]ecta proce ut 
mihi de his sententiam Tiiam qnam primum diceses, jam tamen 
per trimostre & quod excurrit sollicitus & iiicertus maneo.” 

Thus it is evident that Miiller sent molluscan specimens to Linm^, but his 
request for information and specimens in return to help him in his w^ork met 
no response as he complains in his Verm. Hist. (Tom. ii. p. 161). 

Our next discovery was that the numbers on the little packets containing 
shells in the Linnean collection that are alluded to by Hanloy seemed in¬ 
dubitably to be in Miiller^s handwriting. The list of these is as follows :— 


“ N. 14 ■) 

minima 

» containing 2 Caryvhium minimum^ Miill. 

cavend. reper.’j 

1 

N. 18 1 

1 „ 1 Polita radiatula^ Abler, and 

citriua p ♦ * )|c 

1 Zotiit&ides nitidus (Miill.). 

[indecipherable] ) 

“ No. 27 ” containing 1 Polita eillaria (MUll.) and 


1 P. Drapamaldi (Beck). 

‘»No. 40” 

1 Hygrcmia Mtpida (Linn.) and 


1 Helicella B^.? 

"No. 44*’ 

1 PujnUa mutcorum (Lina.) [edentnlons 
variety]. 

“No. 52” 

a nnmber o( misoellaneons speoiea of 
Claunlia. 

“ No.53 ” 

10 Aneybu flwmatUu, MUll. 
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In the box with the contents of No. 27 was a label Heluv cellaria,^^ and 
in with No. 53 one “ Patella lacuetrisP Both these labels are in an un¬ 
recognized handwriting. 

There are likewise in the collection, but without any original information, 
specimens of :—2 Pyramidula ruderata (Studer); 8 Ilelicella rlrgaia (DaC.); 
20 CoMicella acuta (Mull.); 1 Vallonia e.rcentrica, Sterki (labelled by some 
one Helix pulchella^*) ; 2 Helicodonia ohvolula (Miill.) ; 3 Helix aspersa^ 
Mull., ticketed in the unknown handwriting “ Helix yrisea^^^ and 10 others 
including one with the remains of a label in script apparently of the date of 
the collection “ Helix [* ♦] 2’' in two lines; 2 adult and 7 juvenile specimens 
of Helix pisanay Miill. ; 2 Clausilia, ticketed “ bideiitata,'" Strom’s name 
evidently being meant; 4 Succinea pfeifferi^ Rossm.; 1 TAmwm palustris 
(Mull.) ; 3 Segmentina nitida (Mull.), which had been wrapped in a scrap of 
paper bearing German print on both sides ; a packet, the paper of which 
bore Swedish print on one side and Laitin on tlu* other, containing 3 PlanorbU 
nmbilieatuSy Miill. [==P/. planorbis^ Linn.], 1 PL carindfus, Miill., 1 PI, 
albusy Mull., with a juvenile example of llelicigona lapicida (Linn.), these 
several species have be<*ii distributed in different glass-topped boxes, but 
careful record given of their former association ; 4 Yalrata 2dscinalis (Miill.); 
20 examples of Pomaiiae elegans (Miill.) ; and finally a specimen of Cnio 
tumxdusy Ketz., on a tablet with single valves of two other species, Bith the 
sole comment in pencil “3 species.'* It will be observed that with the 
exception of Pyramidula rnderatay Helicella virgata^ Clausilia lidentalay 
Succinea pfeifferiy and Unio tumidus all are Miilleriau species, for the Vallonia 
was evidently sent as Helix pulchellay Miill. 

Putting the above facts together it seems clear that cotypes of some at 
all events of Miiller’s species are included in the Linnean collection, and 
that the recognition of their presence explains some of the doubtful points 
that have attended tiie attempts to identify certain of Linne’s species. 

A Botanist first and last, the great Naturalist does not appear to have 
attached much importance to his collection of shells, nor to have preserved 
those obtained for and described in the ^ Fauna Svccica.' Although these 
last may perhaps have suffered in the tribulations the collections underwent 
even in Linne's time, as recorded by Ur. B. D. Jackson (Proc. Linn. Sec., 
Sess. 125, suppt., pp. 1 & 2). 

In passing under review the various species with which we are at present 
concerned it will be convenient to take them in the order of classification 
and under the nomenclature most generally accepted to-day, as follows, an * 
being prefixed to those which were recorded by Linne ns present in his 
coUeGtioB icf% list by Dr. B. D. Jackson, Proc. Linn. Soc., Sesa« 125, 
LINK. JOUBK.—ZOOLOGY, VOL. XXXIV. 16 
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STippt. pp. 38-43), wliilst thfi number of specimens is added in ( ) afier the 
name;— 

LiMAA MAXIMUS, & 

-FLAVU8.' 

No doubt attaches to the identification of these two species which arc 
established by the references given to Lister’s figures. 

A'grxoumax (Limax, L.) agrestis. 

Linn4’s reference to Lister, who remarks on its peculiar white mucus, 
suffices to show the species intended. 

Ariob (Limax, L.) ater. 

As shown by the figures cited in Lister this well-known form cannot be 
mistaken, nor its colour varieties ru/ut, Linn., and albus, Miill. in Litt. of 
the 12th edition of the ’ Systema.’ According to Collinge (Conchologist, 
ii. 1892, p. 59) Follouera identified the British form with the A. empirtcorum 
of F^russac, and held it distinct from the L. ater of Linn4, overlooking 
Linn4’s reference to Lister, but no other malacologist has subscribed to this 
opinion. 

Helix gothica. 

The diagnosis of this species might apply equally to cither Pyramidula 
r&tundata (Miill.) or P. ruderata (Studer), whilst the young stage of /MLv 
lapieida, Linn., has also been suggested. 

As previously mentioned two examples of P. ruderata are in the collection, 
but there is no means of connecting them with Linne's diagnosis, conse¬ 
quently the name cannot be used. 

*Helicella (Helix, L.) itala (4). 

Jinny’s number in his own handwriting still visible on one of the speci¬ 
mens places the idenjity of this species beyond doubt. 

*COCHLIOBLLA (HeLIX, L.) BARBARA. 

Hanley (Ipsa Linnsei Conch, p. 384) states that Billwyn identified this form 
with the JBulimus acutus of Muller and that the supposition was confirmed 
by the presence of specimens in the lannean catanet that alone agreed 
with the author’s diagnosis. Unfortunately Hanley overlooked the fact that 
Dillwyn (Cat. ii. p. 956) quotes MQller’s Helix aixita for the English shell 
and that under Helix barlMra (p. 960) he merely criticises Cliemnitis’s 
supposition that H. cannula might be the species meant, and proceeds “ but 
the description answers better to a diminutive specimen of JB. aetUaP 
Dillwyn, ^erefore, made no definite statement on the subject, and conse¬ 
quently, one is not surprised to find in the Hist. Brit. ]^q 11. of Forbes and 
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Hanley the Ltnnean name is only quoted as “ probably ” a synonym for 
Muller’s //. acuta, Liniio^s doscription, he unfortimately quotes no figure, 
leaves one in doubt whether his specimen may not have been one of the 
smaller, closely allied species such as ventricosa^ for he describes it as 
“ Hordei seinine paulo major.” 

Muller makes no allusion to Linne’s species, and we consider that in all 
probability the specimens of acutus now in the Linnean collection had been 
received from Miiller, and that Linne’s name owing to its uncertainty must 
be allowed to lapse. 

Hygromia (Helix, L.) hispid a (1). 

The specimen in the Linnean collection that corresponds vrith the descrip¬ 
tion is, as Hanley points out (p. 368), identical with the U, concinna of 
Jeftreys. 

It now forms one item of the little packet marked “ No. 40 of those we 
believe Muller sent to Linne. It may have become enclosed in the ])acket 
by error, for Taylor (Monograph, iii. 1916, p. 17) states that though he saw 
it in the collection thirty years before, he failed to find it w hen he looked in 
company with Mr. Hoebuck in 1914, and Hanley does not mention its 
enclosure in paper. 

Whether this particular st»ecimen be a Linnean type or not tliere seems 
no reason for displacing the name wdiich so many authorities from Muller 
onwards liave attached to the form that now bears it. 

*HEUCJia>XA (Hklix, L.) lapicida (4). 

The identity of this sjiecies does not seem ever to have been called in 
question. 

Aiuanta (Helix, L.) ahrlstordm (7). 

The interpretation of this species also has met wdth universal acceptance. 
It may be noted in passing that the reference given in the lOtli and 12th 
editions of the ‘Systemu’ to List.,. .conch, i. ii. 52” is wrong, no such 
number existing in that work : it is corrected by (Tinelin in hia edition to 
“53/’ which is correct. The further reference to “ Argenv. conch, t. 32. 
f. 8 ” is quite wrong, the figure in question depicting //, nemoralis : this 
citation is rightly omitted by Gmelin. 

Helix gbiska. 

Although Hanley (p. 378) found the l)Ox in the Linnean cabinet ?o marked 
to be filletl with examples of IIeli,v asperm^ Mull., he does not venture to 
advocate the adoption of the name for Miiller^s species, although Diilwyii 
(Oat. ii. p. 943) does. Turton in his translation of Gmeliii^s edition of the 
‘ Systema' (vol. iv. p. 530) says of ijrma that it “resembles //, pomatiaS^ 

16* 
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Linnets cited figure for his (frisea in Gualtieri (Index Test. Conch.pl. i. f. C) 
so inscribed in his own copy of that work, is obviously a pomatia^ whilst the 
next figure on the plate (B) which represents IL aspersa^ has not been 
marked by Linno, who also wlien citing correctly for pomatia “ Argenv. 
t. 32. f. 1,^^ omits all reference to f. 2 & 3 which are good figures of asperm. 

We think, therefore, that he w^as unacquainted with the later shell. As 
already mentioned, among the examples of aspersa in the collection is one 
with the remains of a label (Linno always wrote numbers on his specimens), 
and it seems possible that some if not most of these specimens were received 
from Miillor. 

Helix pomatia (3). 

This is another of those species concerning which there has never been' any 
question, the figures instanced leaving no room for doubt. 

•Helix nemoralis (26). 

Hanley, we consider, was quite correct in his decision that Linnets specnos 
was that which now passes under the name. The reference to Lister 
conch, no. 54,” where the figures are unmistakable, is correct in the 10th 
edition of the * Systcina ^ \ but by error the number has been altered in the 
32th edition to ‘^53,” though this is corrected by Gmelin in his edition. 

Westerlund^s contention (Fauna Svecise, i. 1873, p. 101), that the il, nemo^^ 
ralis^ L., is the If. Iwrtensis^ Miill., because the latter form alone ho states 
is met with in Oliind, where Linne appears to have first observed banded 
snails of this description (OUindska Resa, 1745, p. 127), seems to us beside 
the mark. Linue’s name anyhow dates from the 10th edition of the 
‘Systema' (p. 773), wdiere the e3;;tended habitat of “Europa?” is given, 
but furthermore Linn^ in the ‘ Olandska Resa ’ cites “ Petiv : mus. 5. n. 14” 
and the latter quotes the figures in Lister’s ^Hist. (;oncb.’ i. no. 54, which 
as already noted are unmistakably IL nemoralU. 

That Linne did not discriminate between nemoralis aed 'hotiensis is pro¬ 
bable, but this was rectified by Miiller, from whom possibly some of the 
specimens in the collection may have come. 

•Helix leucas. 

Hanley records (p. 361) finding in a paper certain specimens of immature 
Helia pi$ana^ Mull., which in his opinion coincided with Linne's description 
of his 11 . leucas and which he thought were in all probability the originals. 
Two adult and seven immature individuals of IL pisana^ MUll., are present 
in the collection to-day bui no trace of the paper in which according to Hanley 
some of tiie latter were preserved. These specimens may have come from 
Muller. Linne's diagnosis is not sufficiently clear to enable definite pro- 
nonncement to be made, and the name cannot, therefore, well be revived in 
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lieu of Muller’s better-known one. It is of interest at the same time to note 
that Beck (Index Moll. 1837, p. 14) queries under his Tlieha leucas ‘‘ an 
H. pisana, Ehrbg.? Sav. Egpt. m. ii. 15-16?” The figures thus indicated 
are undoubted //. pisatia, MiilL, whose species, however, follows next as a 
distinct one in Beck’s list. 

Helix octona. 

Muller (Verm. Hist. ii. p. 150) makes this a synonym of his Buccinum 
acicula regardless of the fact that Lintie described the species as having 
apertura subrotunda/’ whilst of his own he states “ aperiura oblonga seu 
fusiformis.” 

Nilsson (Hist. Moll. Svec, 1822, p. 92) calls it a Pahtdina^ and says it is 
not dissimilar from Draparnaud’s Cyclostoma avutiim. Hanley (p. 381) 
agrees with this conclusion. The cited figure (Gualtieri, pi. vi. f. BB), 
how^ever, suggests the fry of Limnwa glahra (Miill.) with which it has been 
identified by both Pennant (Brit. Zool. iv. 8vo. ed. p. 138, with a ?) and 
Fleming (Hist. Brit. Aniin. p. 274). Pulteney included it in his “Cata¬ 
logues,” but Hackett in the later edition eliminates it on the ground that it 
is not English. 

Linne’s name, therefore, cannot well be connected with any of our known 
species and must remain in abeyance. 

Helix subcylinprica. 

This also was incliided by Pulteney in his Catalogues,” but rejected by 
Hackett as “ not of English growth.” Dilhvyn (Cat. ii. j). 952) and Moquin- 
Tandon (Hist. Moll. France, ii. p. 304) identify this with Muller’s ILlubncay 
although the habitat is given by Linne as “ in aquis dulcibus Europte 
borealis.” Hanley (p. 379) gives as his opinion that only Truncatella 
Moniagni of Lowe [ ss T. truncatay Mont.] agrees wdth the description of the 
shell, forgetting that Truncatella is a southern not a northern form. 

Possibly Linne’s shell was the fry of some freshwater form. Anyhow^ the 
name will have, we consider, to be left out of account* 

PupiLLA (Turbo, L.) muscorum (1). 

The identification of this species rests mainly on tradition, Draparnaud 
alone having applied the name to a different form from that which generally 
bears it. 

There is an example, noted by Hanley, of an edentulous specimen in the 
Linnean collection that alone accords as he says with the description, but 
this is in {>acket “ N. 44 ” of those we now believe to be of Muller's sending. 
Miiller be it noted (Verm. Hist. ii. p. 105) also describes the species, which 
he puts under as “ Apertura edentula,” and the name can, w^e think, 

be accepted on Miiller's confirmation. 
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Balba (Turbo, L.) perversa (10). 

Nothing in the description distinguishes the currently accepted interpreta¬ 
tion of this species from the young form of one or two species of Clausiha 
and tradition and the occurrence of undouhted si)eciinons in the Linnean 
collection alone support its identity, Miiller took it for the young form of 
Clausilia rugosa^ Drap., as shown by his description of the clausium (Verm. 
Hist. ii. p. 119). We would propose to retain the name for the species 
which has so long borne it, although Draparnaud’s trivial name of fragilis 
has been almost equally used in the past. 

*SucciNEA (Helix, L.) putris. 

The figure cited from Lister and the specimen in the collection leave no 
doubt as to the identity of this species. As Hanley points out, and as already 
noted, examples of S> pfeifferi^ Rossin., are also present in the collection and 
it is possible that Linne did not discriminate between the two forms. 

‘ Acroloxus (Patella, L.) lacustris. 

Although the form which to-day bears this name is not in the collection 
whilst examples of Muller^s uhitylus fluviatilis are, we do not agree with 
Hanley that the latter is Linn^'s species, but regard them as part of the 
Mullerian contribution to the collection, since the ten individuals \vere 
included in packet No. 53.” 

Linne’s definition is testa integerrima ovali membranacea, vertiee mucro- 
nato reflexo ” (Faun. Svec,, ed. 2, p. 534), showing that the oval shape and 
prominent mucro had struck him. Contrast this with his description of 
Patella pellucida, which in form comes nearest to Miiller'sand 
which follows in the ‘ Systeina^ (lOth^ ed., p. 783), where the term used is 
“ obovata.” “ Ovali ” on the other hand is applied to elongate forms such 
as Patella compresaa and P, lutea. Then the locality “ Lacubus . . . foliis 
insidens subaquis ” is more applicable to Acroloms than to MUller's species, 
which is chiefly found in swiftly running water, though at times the two 
have been taken together on water plants. 

Lister’s figure cited is of course more applicable to Muller’s species, as 
also is the habitat he quotes, but in this respect Hanley’s caveat (p. 6) as to 
Linn^’s citation of somewhat similar figures must be borne in mind, Tbe 
same remark aippHes equally in the following. 

*LiMK.fiA (Helix, L.) auricularia (3), 

Linn^’s diagnosis “ spira brevissima apertura ampliuta ” is more convincing 
than tbe figures pressed into his service. These are various. Thus “ Lister 
angj. t, 2. L 23 ” seems an inflated form of L. pereger (Miill.). “ Argenv. 
concdi. t. 31. f. 7. bona ” shows two shells on either side of the 7 ” which 
will pass for aurkularia^ whilst the otie to the left of them is an inflated 
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jrereger. “ Klein ostr. 54. i. 3. f. 69 is a bad copy of the figure in Lifter's 
‘ Hist. Anim. Angl.’ pi. ii. f. 21 (and is Klein's type of his Aitrirularia 
stagiiorum) or the figure already cited by Linne as his Helix sfagnalis. The 

Acta Helv. 5. t. 3. f. 27, 28 is evidently aurieidavia. 

The si^eciinens in the collection include auricularia vora (3) and inflated 
forms of pereger (4). Muller’s segregation of the latter is therefore correct. 

Helix limosa. 

Nilsson (p. 72) identified this with Limmm iruncatnla (Midi.), whilst 
Hanley (p. 387) conjectures it may have been a narrow form of L> pereger 
(Miill.) and Keeve (Land & Fresh-w. Moll. Brit. Is., p. 157) adopt the name 
for that species. 

The figure cited by Linne in the 12tli edition of the ^Systema’ (p. 1249) 
from Gualtieri (pi. v. f. H) and marked on the margin of the plate in his 
own handw'riting, is suggestive of the fry of possibly Succinea putris. In 
the ‘Fauna Svecica’ first edition (p. 367. no. 1314) it is described as 
“ anfractibiis quinque,” an item omitted in both the 10th and 12th editions 
of the ‘Systema’ ; whilst the final Descr.’' reads IVeecedentibus duabus 
duplo minor ; operculo etiam claiiditur.” 

The two preceding species of the 1st edition of the ‘Fauna' are named 
in the 2nd Helix vimpara and Helix tentaculata, Linn^'s Helix limosa was 
therefore an operculatet, which cannot now be identified, so that the name 
must, be allowed to lapse. 

Helix balthioa. 

The “ rugis elevatis noted in the description of this species (Fauna Svec. 
2nd ed., p. 532) and amplified in the “ Descr.” to “superficies testse striis 
elevatis remotis versus aperturap marginem oblique descendentibu.s ” does not 
accord with a Limnaa^ to which genus Nilsson (pp. 64-65) refers it. 

The form appears indeterminate and likely to remain so. 

*LiMNiEA (Helix, L.) stagnalis (1). 

By diagnosi.s and figures the identity of this species is confirmed. Also 
that LinmVs JLJragilis is a synonym. 

^pLANORBiJj (Helix, L.) corneus (4). 

This is, fortunately, one of those species concerning whose identity there 
never has been any doubt. 

^Planorbis (Helix, L.) planorbis (8, including 3 probably sent by 
Muller as examples of his P. umbilicaitts). 

Why there should have been any question concerning this form it is 
difficult to understand, for the reference to Lister’s figure (Anim. Augl. 
pi. ii. f. 27) clearly establishes its identity with the Planorbis umhilicatus of 

t This we find has already been pointed out hy Morch (Synop. Moll. Danie, 1864, p. 48, 
note). 
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MiiUer. Muller includes in bis synonymy (Verm. Hist. ii. p. 160) tbe 
Helix eomplamlus of Linnd, but three pages further on queries whether the 
latter be not the same as his own P. nitxdus, a point we disease later. 

Liune’s name for this species having priority must be restored to literature. 

PiiANOBBis (Nautilus then Tobbo, L.) crista. 

Despite Linn6's doubt as to the zoological position of this forin« referring 
it as he does first to Naviilut and then with the changed trivial name of 
nautileuM to Turbo, there never has been any hesitation as to the species 
meant. 

Planorbis (Helix, L.) vortex (1). 

The figures referred to in Lister and Gualtieri show clearly the group to 
which Linn^’s species belongs, and the description in the ‘ Fauna Sveci<» ’ 
(2nd ed., p. 527, no. 2173}, “ margo testse in ilia extra testam exseritur, at in 
hac ipse testse angulus est acutus,” points to the correctness of the accepted 
interpretation, which is further borne out by the single example in the 
collection. 

Planorbis (Helix, L.) bpirorbis. 

No figures are cited by Linn^ and the description is rather too vague to 
enable one to accurately discriminate the species. Linn4’a specimen must 
have been bleached since it is given as “ Testa alba.” example is in the 
collection. 

Muller, who adopts the species (Verm. HiC’ii. p- 161), further defines 
it as having “anfractus quatuor .. .margins tereti absque ulla carina. 
Aperture rotnndata sublabiata; margo saltern summus intus albns, crassius- 
culuB.” This seems to indicate the commonly accepted species. The closely 
allied rotundata, Poiret, has a whorl more and a more angular mouth. 

•Planorbis (Helix, L.) contortus. 

Although no figures are cited, the description in tbe ‘Fauna Svecica’ 
(2nd ed., p. 528, no. 2181) and the former presence, vouched for by Hanley, 
of a specimen in the collection, that, however, we have not seen, serve to 
establish the identity of this species with the commonly accepted form. 

Planorbis (Helix) complanatus. 

Hanley’s arguments and conclusions concerning t^is species are correct, 
given the fact that ho in common with most otlier observers of his period 
identified Miiller’s nitidm with Lightfoot’s/antanus, whereaa it is now known 
and we have the authority of .Dr. A. C. Johansen for the fact, that all 
MflUer’s specimens belong to iilie form called laeuttrie by Lightfoot and 
placed to-day in the genus Segmmdna of Fleming. Some of Mailer’s 
specimens mr* not, Dr. Johansen states, well preserved and this led 
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Dr. Gwyn Jeffreys to conclude from liis observation of them that both 
species were included in Muller’s nitidus. Linne’s description “ subtus plana 
omniuo, sed parum cava versus centrum ’’ is more a])j)licublo io Lightfoot’s 
fontanns than to his lacusiris. 

Linnc's name must, we think, be restored and the two forms be respec¬ 
tively known as Planorbis (Jflippeutis) complaiiatiis (Linn.) and Sefjmeniina 
nitida (Miill.). As previously mentioned, three individuals of this last are 
now in the collection, given, as we believe, by Miiller. 

PhYSA (BuI.LA, L.) FONTINAUS & 

Physa (Bulla, L.) hvpnorum 

are recognizable from the descriptions in the ‘ Fauna Svecica ’ (2nd ed., 
p. 523, no. 2160 and p. 522, no. 2159 respectively). No example of either is in 
the collection, but no doubts have ever been raised concerning their identity. 

Paludestrina (Helix, L.) staonalis. 

Linn^ in the 12th edition of the ‘ Systema' (p. 1248, no. 697) introduced 
the name “ IlelU stagnalis ” for Baster’s Turbo stagnaUs. As Hanley points 
out, he afterwards noticing that he had ulrt^ady used the name for the well- 
known pond-snail, altered it in manuscript in his own copy to Basteri"^^ 
whilst Ginelin (Syst. 13th ed., p. 3653, no. 119) changed tiic trivial name 
to stagnorum. 

Baster’s species has been held io he identical with Pennant’s Turbo uIvcp^ 
and consequently his name being prior has been used in lieu of Pennant’s. 
We have shown, however (Proc. Malac. Soc. Lond. xii. 1907, p. 124), that 
the species abounding at Baster’s locality was identical wdth a form con¬ 
sidered at the time on the authority of Dr. Johansen to be the Paludiva 
minnta of Totten. Totten’s species, however, proves to be quite different, 
and there is now reason to believe that w e are here dealing wdih the Turbo 
ventrosus of Montagu, vera, the form commonly passing under the name 
being distinct. Hut this requires farther research. 

Bithykia (Helix, L.) tkntaculata (19, wrapped in a scrap of paper 
bearing German print). 

We agree with Hanley that the description in the ‘ Fauna Svecica’ (2nd 
ed., p. 531) and the reference to List<*r’s figure sufficiently determine this 
species to be the form commonly accepted as such. 

In the first edition of the ’Fauna’ (p. 376, no. 1313) Linne contrasts it 
** cum prmcedenti ” (No. 1312) the Heltjr viripara of the 2nd edition, but 
neglected to make the necessary correction in the 2nd edition where five 
other species have been intercalated. 

* Muller, Verm. Hist. ii. p. 132 note, also calls attention to the double use by Liun4 of 
iUagnalu, 
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Linne was most unfortunate in his selection of further illustrations for the 
12th edition of the ‘ Systeraa/ those from Bonanni, Lister’s ‘ Hist. Conch,’ 
and Klein’s copies of these last, being all well-marked marine trochoids; 
whilst the reference to Adaiivson is hopelessly wrong. 

^ViviPARUs (Helix, L.) vivipaha (14). 

Linne’s description H. testa imperforata ” de6nitely determines which of 
the two closely allied forms he had in mind, but of the figures referred to, 
Lister’s “exerc. 2. p. 17. t. 2 [f. 5],” which is Miiller’s fasciata^ shows that 
he had not discriminated between them. Any possible uncertainty is, 
however, set at rest by our discovery ti»e other day that two of the speci¬ 
mens boro the number 60fi,” that of the species in the 10th edition of the 
SSystoma’ in the master’s own handwriting f* 

There are now, in the same glass-topped box, two specimens of fasciata^ 
obviously from quite a difEerent gathering, and these we are inclined to think 
may have been sent him by Muller, whose sejwation of the two forms is 
correct, and whose .name has priority over contecta, Millet, which has of late 
been generally used. 

Turbo reflexuk. 

We do not agree with Hanley that because examples of Vomatias ele^ans 
(Miill.) w’ere found in the box marked for Linne’s Jurho reflejtus that 
Dillwyn’s surmise was correct. Like oilier Mullerian species they may have 
come from that author. 

Linne’s phrase “ aperture reflexa” and ‘‘Habitat in Europa austral i ” 
dispose to our mind of the possibility of its identity with Muller’s ele^ans, 
but we decline to speculate on its correct interpretation. 

♦ThEODOXUS (NeUITA, L.) FLUVIATILIS ^ LACCSTRIS. 

There is, fortunately, no hesitation as to the correct ascription of Linne’s 
name fluriatilis to the form that has always borne it; whilst w’e further 
agree with Hanley in believing that the lacustris was only a variety of the 
same polychromatic i?hell. 

•Unio (Mya, L.) pictorum. 

Although the diagnosis is too meagre to show which of the two forms 
pictorum or tumidus was meant, the figure first cited by Linn^ (Lister ang. 
iipp, t. 1. f.4) is that'of the commonly accepter! pictorum^ whilst the inscribed 
specimen in the collection certainly is. There is an individual also in the 
cabinet of tumidus but without any history. The added reference in the 10th 
edition of the ‘ Systema ’ to “ Bonan. recr* 2, t. 41,” which is a copy of 

t After this paper was written and handed in Mr, J. W. Taylor has placed on record 
(l!9aturab8t, 1918, p. 249) that this fact had been ohs^ved by him and Mr. Hoehuck, to 
whom belong the credit of having detected specimens that escaped os some years ago. 
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Listrr’s “Aniin. Angl., pi. li. f. 30,” rather suggests tnmidus. Retzius, 
however, as next reviser separated the two species on lines ever since followed 
and no ohjection lias ever been raised to his decision. It is commonly 
overlooked, hovvev(*r, thaf the name lUlo was Linnets own, as Uetzius 
acknowledges, its characters having been communicated to him by Linnirs 
pupil Acharius. 

^iMAlinAUlTANA (MyA, L.) MARGAlllTlFERA (1). 

No uncertainty has ever existed concerning the identification of this well- 
known species, supported as it is hy Lisier^s figure (Aniin. Angl. append., 
pi. i. f. ]). 

*An<)IK)NTA (Mytilus, L.) cygnea (1). 

Of the two species now once more recognized as valid, the inscribed and 
numbered spociineii in the collection with the figures cited (Li>ter angl. app. 
t. 1. f. 3 and Gualtieri t. 7. f. F, the latter written against by Liim^* himself 
in his coj)y of the work) quite estjiblish its identity. 

The further quotation of Lister “conch, t. 193. f. 8” in the 10th edition 
of the ‘ Systema ’ (p. 706) should, as Hanley remarks, be “153,” but both 
Linue and Hanley overlooked the fact that the figure in question is a 
reprint of Lister's Anim, Angl. append., pi. 1. f. 2 adduced by Linne in 
illustration of his anaiinus. This same figure copied by Klein (Ostr. t. 9. 
f. 26) is correctly cited by Gmelin under anatimts. 

The correct reference to Lister's Conch, should have been “ 156'^ which 
is the copy of the “app. t. 1, f. 3.'' 

*Anodonta (Mytilus, L.) anatina. 

Lister’s figure (Aniin. Angl. append., pi. i. f. 2) originally cited in the 
first edition of the ‘ Fauna Svecica,’ with the enlarged description in the 
‘ Systema' (10th ed., p. 706, no. 219) and in the second edition of the 
‘Fauna Svecica ’ (No. 21.58) convince us that the customary identification 
of this species is correct. The figure in Gualtieri added in the 12tli edition 
of the ‘ Systeina ’ may or may not )iave been intended for a Unio^ bur lacks 
any liinge-teetli. This may have caused Linue to include it and possibly may 
account for Ids puzzling oliservatioii in the 10th edition of the ^Systi'iua’— 
“ similis Myte {)ictornm, sod fragilior & cardine distinctisMinus.” 

We do not agree with Hanley that Lister's “f. 2” shows “an ordinary 
example of tiie Anodonta cy<g>/iea/’ nor with his selection of the specimen 
figured by him in illustration, which, as the umbonal rugte show, belongs to 
the genus Pseudanodonta, Cf. P. grattloupiana (Gassies) or P, normandi 
(Dupuy). It is only fair to add, however, that this genus had not in his 
days been separated off from Anodonta. 

^Sphacbium (Tejllina, L.) corneum. 

Happily, though we were unable to trace the specimen in the collection, 
this is another of the undisputed species and calls for no comment. 
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The Kvof/oneff\ By W. A. Hasvvkll, M.A., D.S<*., F.R.S., F.L.S., 
Emeritus I'rofessor of Biology, Iliiiversity of Sydney. 

(l^LATKs 17 & 18, iiml -J Text-fij^Mircs.) 

I Head »>th DiMiembfjr, IVill).] 

Introduction. 

In the introductory purt of his ^Itecherches sur les Syllidiens^ (1^113), 
Maluquin has emhodied a very eonqdete history of the development of our 
knowledge of the family. Mahiqniii^s own work is certainly of the first im¬ 
portance in connexion with this development, on account both of the original 
observations recorded therein and of the systematising of work previously 
published. But Malaquin concerns himself almost exclusively with the 
/uts^llidea, ihc: Hyllidea. and the Anto/ytea^ having few actual observations 
on the Kjr.oyoiwr to record : and out of three hundred and fifty or more 
figures with which the work is illustrated only three refer to the Ea^ogoneiv, 
Thus in lu.s account of the alimentary canal, the nephridia and gonads, and 
the development, it is almost assumed that the Eonoyonetr resemble the larger 
furms hut for the difference in size. And this is quite true up to a certain 
point. But beyond that, in a number of important details the Exogonew^ or 
certain of them, [)resent very special features. 

The material on which the following observalions were based was collected 
almost exclu.sively in Port Jackson, either between the tidal limits or a little 
below low-w'ater mark. 

In the structural part I have not given any general account of the mor¬ 
phology ; hut have confined niystdf to certain sets of organs with regard to 
which the Exogormr exhibit peculiarities of a strongly-marked character—the 
inleguinentury and related glands, the alimentary canal, and the nephridial 
and reproductive organs. 

In the account of the embryology which follows there are various obvious 
gaps, I hope to fill some of these later by the adoption of certain methods 
which I have not hitherto utilized ; the detailed history of the cell-lineage, 
for example, can only be followed out by keeping large numbers of living 
specimeius uiuler observation. As it is, how^ever, the study of my ext^'iisive 
collection of fixed material has resulted in the observation of a number of 
fact.s which have hitherto, so far as I have been able to ascertain, been 
unrecorded. 

1 have pleasure in acknowledging my great indebtedness to Profes.sor 
McIntosh for literature, si>ecimens, and inforniation furnished ; to Professor 
Benbam for the loan of his copy of Malaquin^'s work ; and to Dr. Pierantoni 
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for sending me at my request a copy of his paper, Ln gestazione esterna/’ 
which was otherwise inaccessible to me* For assistance in collecting 
specimens I owe thanks to Professor 8. J. Johnston, Mr. Thomas Whitidegge, 
and Miss B. M. Somerville. 


Systematic*. 

The only published work in which there is any reference to the E.togont(t* 
of the Australian coasts is Augener's‘Polycheeta^ of the‘Fauna Sudwest 
Australiens.’ In this the following are described:— 

E^ 1 iogone heterochcBia^ Mclnt. 

Sphcerosyllis hirsuta^ !Ehl. 

SpliCBrosyllis perspieax^ Ehl. 

Gruhea kerguelensis^ Mclnt. 

Gmbea quadnoculata^ n. sp. 

Gruhea furcelligera^ n. sp. 

Exogone FUSTiFEiiA, 11. sp. (Plate 17. figs. 1-6. j 

This is a larger form than the European K* gemmi/era, reaching a length 
of 7 mm. as compared with the 3 to 4 mm. of the latter. The maximum 
number of segments observed to occur was 43 as against 33 in E, gemmifera ; 
but one complete specimen had only 32. 

The palpi are completely united, but separated ventrally by a median cleft. 
The almost completel}*^ semicircular outline of the united palpi may be broken 
by a slight median notch, but this is frequently indistinguishable. The 
prostomium and peristomium are very closely united together and scarcely 
distinguishable superficially. The three prostomial tentacles are nearly equal 
in length, the median one slightly longer than the other two, projecting 
slightly beyond the end of the palpi. They are very slender except towards 
the end, wiiere there is a marked dilation. Tlie eyes, as is usual in the 
genus, vary greatly in size in different phases. ^ 

The peristomium bears a pair of extremely rudimentary button-like 
tentacles, which are placed comparatively far forwards, so that in fixed 
specimens they may be on a level with the interval between the anterior 
and posterior eyes. Close to each is a ciliated pit. 

The parapodia (PI. 17. fig. 2) are short—in length less than half the breadth 
of the body, narrowed distally, the extremity simple, rounded. In each are 
normally a single stout acicnlum and five setU3, of which the most dot*sally 
and the most ventrally situated are simple, the rest compound. The dorsal 
simple seta (figs. 4, 5) ends in a carved conical extremity which may l>e 
obscurely notched close to the apex, the notch sometimes, though rarely, 
bearing a fine hair-like ap})endage. Often diis seta is absent in some of the 
jiarapodia or does not project on the surface. The ventral (fig. 6) is more 
strongly hooked, and is bifid at its apex. The three compound setss (fig. 3) 
have the terminal appendages greatly itsdnced^ tn die £om of simple slender 
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curved rods without serrations or teeth. Sexually ripe individuals have in 
addition bundles of lon<y capillary natatory setie on the dorsal side of the 
parapodia of most of the segments. As in other Syllids, the setigerous sac 
in which new seta* are developed is quite separate from the bundle of mature 
sote, and attached firmly to the aciculum on its dorsal side. 

The dorsal cirri are greatly reduced, shorter than the parapodia, oval or 
spherical in shape. The second segment is always devoid of dorsal cirri. 
The ventral cirri are also rudimentary, but more cylindrical in form. The 
anal cirri are longer than the [)arapodia, slender and cylindrical, not swollen 
at the ends. 

In the retracted conditi<in of the proboscis the pliar> nx runs through the 
first three segments, the proveniriciilus lic> in tin* fourth and fifth, and the 
ventriculus and cfccn are situated in the sixth. 

Ej'otjone fustifera is by far the commonest of the l\)rt Jack<on Kvo<jonece^ 
and occurs ahumlaiitly among finely branched Algfc of all kinds about low- 
water mark. I also found it in Broken Bay among Algie aii<l Sponges growing 
on the piles of a wharf ; and in material collected at Port Stephens by 
Prof. S. fl. Johnston. 

A^iguier ( 34 ) identifies the species of Kroijone which he found most 
ahiimlant in the Bay of Algiers with that observed by Pageustecher (26) 
at (Vtio, and named by him ijemmifera. Viguier was not in any doubt on 
this point. He writes :—“ CVst hien le type tHudie par cet auteur qiie j’ai 
pu observer a mon tour.’^ But a comparison of the descriptions and figures 
of the two authors leaves some doubt of the correctness of the identification. 
A^iguier states with regard to the tentacles : ‘‘Elies soni legcrement renflees 
un pen au-dessous dc huir base, et dccroissent jusqu’aii sommet, qui est arrondl 
et muni de quelques petites soies raides"’ (p. 77); while Pagenstedier refers 
to the same appendages as “ mir wenig Kolhig anschwellende Fiililer,’^ and 
his figure represents tliem as distincilt/ swollen at the ends, I think it 
probable that Pageustecher Ji\ aemmijera is (Krst(*d\s E, naiidiuu (25) and 
that Viguier^s E.aeinmi/eni (Pageustecher), though identical whh C’laparede^s 
E, elavlijera^ as A'^igui^^r himself maintains, is not Pagenstechcr’s specie^. 

Should this suggestion prove to he correct, it would he to E. naidhui 
(CErsted) that E. fustifera wouhl most closely approximate rather tlian to 
E, claxntjera (Claparcdc). 

Exooone verhugera, Claparede. (Plate 17 . figs. 7-10.) 

Pmhphylax reruyevy Claparede, 2, p. 21-*}, pi. V2, fig. 3. 

A second species of EiVoyone occurring in Port Jackson is m arly related to 
CIapar6de^s Pmioph^/a^v verrupera from the Gulf of Naph*s. Like the pre¬ 
ceding it is a small form, and does not exceed 7 nim. in length. Thei*e are 
about 37-40 segments. 

s The thick figures refer to the Bibliography at the end. 
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The palpi are completely united, witlmnt any median notch (even in the 
cnibyro) and are comparatively long, bo that in the living animal, when fnlly 
extended, they may be three times the length of the prostominm and peri- 
stomium together. The tentacles are usually reduced to three similar oval 
rudiments, but in some the median tentacle is a good deal longer than the 
others. The single peristomial tentacle is very small, though not so rudi¬ 
mentary as in E.fust\fera. 

The simple seta on the dorsal side of each parapodium (fig. 0) has the 
cutved terminal part tapering to a fine point close to which is a small denticle. 
There are five compound setae (fig. 8), all of which have terminal appendages 
of the normal kind, that of the first (most dorsal) (text-fig. 1) long and 
slender, while those of the others, though completely formed, are quite 
rudimentary. The most ventral seta is usually simple, curved at the end 
and bidentate, like the corresponding seta in E, futtifem. The acicninm 
(figs. 10 A, 10 b) is curved at the end and slightly expanded. Both the dor&'il 
and the ventral cirri are small and approximately oval like the tentacles. 


Text-fig. 1. 



Setce of Exofftme vem^ra. 


Dorsal cirri are always present on tlie second segment. The eyes in most 
cases have the appearance represented in fig. 7. In one specimen they are 
both large and irregularly shaped, the anterior pair being rather the larger ; 
in another the posterior pair of eyes had the pigment remarkably drown ont 
into a long narrow process projecting backwards into the peristomium 
behind the ciliated groove. In several others tlie lenses of both the anterior 
eyes are produced into horn-like pointed bodies. 

The median tooth, when tlie proboscis is retracted, lies in the first 
setigerous segment. The giszard is much more elongated than in E.futtifera, 
extending from the fifth to the seventh seginentj» in the retracted condition, 
and containing about 25 rows of masole'-oolamns. 

In most respects this species, which is fairly common in Fort Jackson, 
approaches very near Clapkrede’s E. verm^^ra. But the difference in the 
palpi seems to be very marked—^those of jK. vtrntgera being, to judge from 
Ulaparede’s figure, distinctly notched terminally. 
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Exogonb hetebosetosa, (Plate 17. figs. 11-17.) 

Exogme h^erotetoaa, McIntosh, 20, p. 206, pi. 33. figs. 16 & 16; pi. 34 A, fig. 11. 

Exogmt heteroseioM, Mclnt., Ehlers, 8, p. 61, pi. 3. figs. 61-66. 

P Exogone hetet'osetoaa^ Mclnt., Gravier, 15. 

Exogcme heterochaeta^ Mclnt., Augener, 1, p. 247. 

The specimens of this species which I have before me are all small worms, 
not more than 4 mm. in length. Thera are about 40 segments. 

The palpi are elongated, longer than the prostomium and peristomium, 
closely united, but separated distally by a distinct notch which is well marked 
in late fixed embryos. The unpaired tentacle extends as far as, or slightly 
beyond, the extremity of the palpi. The lateral tentacles are not more than 
half the length of the median. As regards the peristomial tentacles and the 
dorsal cirri, there are two types. In the one all these appendages take the 
form of stout cylinders. In the other they are all oval. The dorsal cirrus 
of the second segment in all iny specimens is absent. The ventral cirri are 
smaller than the dorsal. The anal cirri are long and tfipering, similar in 
shape and size to the median tentacle. 

Of the set® the most dorsally placed (PI. 17. fig. 12) is a .simple, curved, 
pointed form similar to the corresponding structure in E. fustifera. The next 
(figs. 13 and 14) is a compound seta of a characteristic form. The shaft is 
expanded at the end into- a broad plate with an oblique, finely crenulated 
edge. With this articulates the terminal appendage, which usually takes 
the form of a very thin triangular plate sometimes replaced by a slender 
tapering rod. The remaining compound setae (figs. 15 to 17), three or four 
in number, are all similar to the corresponding seta 3 of E. verrugera^ with 
small hut well-formed appendages, or one may partake to some extent of the 
special characters of that just described. Sexually mature specimens have 
in addition bundles of capillary seta? on the segments from the twelfth or 
thirteenth backwards. 

In the most complete specimens the proboscis is partly protracted and 
the proventriculus lies in the 3rd, 4th, and 5th segments. In another, 
apparently retracted, it lies in the 4th, 5tli, and 6th. The proventriculus is 
similar to that of E. verrugera^ and has about 20 rows of muscle-columns. 

Augener refers to Exogone heteroclurta^ Mclnt. (obviously a slip for 
E. heterosetosa) as one of the commonest species in South-west Australia, 
and states that his determination of the Australian specimens was confirmed 
by comparison wdth southern-antarctic specimens. But I am not sure that 
he has not confounded this species with the one which I have set down 
tentatively as E. verrvgem. 

In jB. Ji€tero$etom the presence of the notch between the palpi (which is well 
shown in McIntosh’s original figure), and the absence of the dorsal cirri of 
the second segment appear to be constant features (recognizable even in 
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attached larvse) distin^yaishing this species from the last^ apart from the 
differences in tentacles and seta3. 

E. heterosetosa occurs in Port Jackson much more sparingly than E.fustu 
fera. 

Grubea pusilloides, n. sp. (Plate 17. figs. 27/28.) 

This small Syllid, not much over 2 mm. in length in the case of the largest 
specimens, is not uncommon in certain situations between tide-marks in Port 
Jackson. It is nearly allied to G. pttsilla (Dujardin) ; but, unless the 
published accounts err in certain important particulars, it is quite distinct 
from that species, which has been found hitherto only in the Mediterranean 
and in the English Ohannel. 

In describing G.pusilla Dujardin fell into the error of regarding it as 
hermaphrodite, the rod-like bodies developed in glands in the dorsal cirri 
being supposed by him to be spermatozoa. This misconceptiou was corrected 
by (vlaparMe (3. p. 44; 4. p. 89) who pointed out the true nature of these 
bodies. More recently Baron de St. Joseph (31. p. 79) has observed males 
with natatory setsB and spermatozoa and females with embryos on the ventral 
side. 

The most interesting point about the Australian species is that, whereas its 
very near relative was originally supposed (erroneously) to be hermaphrodite, 
and proved when critically examined to have the sexes separate like the vast 
majority of the Polychajta, the new form actually has the sexes united. 

The details of this condition will be given in the general part of this paper. 

A complete specimen of Grubea pmilloideB is about 2 nun. long and contains 
some 25 to 33 segments. The palpi, united dorsnlly at their bases, are 
separated distally by a cleft which may be widened to a distinct gap ; they 
are approximately equal in length to the prostornium. The prostomial 
tentacles are dilated at the bases, narrovir distally, tipped with non-motile 
cilia; they project a little distance beyond the ends of the palpi, the median 
tentacle being slightly longer than the others. There are two pairs of small 
eyes, the anterior pair the larger. The {)eristomial tentacles are similar in 
character to the prostomial, the upper of the two on each side being some¬ 
what longer than the lower. 

The parapodia (see text-fig. 2, p. 235 ; PI. 17. fig. 28) are simple, pointed, 
their length about a third of the breadth of the body. Of the setm, in all 
but the first few segments the one situated most dorsally is simple, almost 
s<a*aight, gently curved towards the end, with a row of very minute fine 
teeth along its concave border All the rest are compound, with long and 
slender terminal appendages. 

The dorsal cirri are, like the set®, very similar to those of G. pusilla. 

e Tbs sets la G. puHlkt eorrespoadiag to this U described aesrly as above by De St. 
Joseph, and the figure be gives ngteet wdli with the eorrespondlag sett ia G.jmHikiin, 
But be-exroaeottsly r^era to it as ventral instead of dorsof. 
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They tire sub-cylindrical, relatively thick, truncate distally, the edge of the 
terminal face finely crenulaie and with a few long non-motile cilia. The 
most striking feature of the dorsal cirri is the presence in each of a pair of 
spindle-shaped bundles of thread-like objects situated towards the distal end, 
each enclosed in a sac which is produced into a narrow prolongation or duct 
ending at the free end of the cirrus. These, as pointed out by Claparede, are 
the equivalents of the “glandes a batonnets'^ (rhabdite glands) found more 
deeply placed in some allied Syllids such as SphturosylUs hystruv. In close 
opposition eith these is a rounded sac witli granular contents, having like 
them a prolongation or duct opening at the free end of the cirrus. The 
ventral cirri are short, cylindrical, not nearly so long as the parapodia. 
The anal cirri are like the tentacles in shape and are half as long again as 
the dorsal cirri ; there is no unpaired process between them. 

The proventriculus in the retracted state of the proboscis lies in the 4th 
and 5th or 5th and fith segments. Its walls contain about twenty rows of 
muscle-columns. 


Grvbea KEBGUBLBNSIH, McIntosh. (Plate 17. figs. 18-20.) 

Salvatoria keryuelemu, Alcintosb, 20, ik 188, pi. 30. fig. 4; pi. 83. fig. 1; pi. 15 A. 
figs. 11 & 12. 

Sph€Bro$ylli$ Macinioshi, Eblers, 8, p. 46. 

Gruhea keryuelenau, Augener, 1, p. 252, text-fig. 37 Taf. 3. fig. 23. 

? Grubta limhata, Claparede, 2, p. 208, pi* 13. fig. 4. 

A species of Grubea which is fairly common in Port Jackson corresponds 
for the most part to (;laparcde’s description and figures of liis G. limbata, 
with certain differences, the most important being in the shape of the setsB. 
I think the Port Jackson species may bo the same as one found common in 
the collections from South-west Australia studied by Augener, and identified 
by that author wdth G. kerguelensis (McIntosh). I do not think that 
suflEicient grounds for that determination are adduced, but here accept it 
provisionally. Meanwhile I give some figures of the Port Jackson form 
which may help to solve the question. 

It is to be noted tliat Claparede gives as one of the differences between 
his (t. Ivnhata and his 6r. tenuicirrata that in the latter the second dorsal 
cirrus is longer than those that follows But this can only be a matter of 
degree since in his figure of the former species he represents the second 
dorsal cirrus as distinctly longer than those behind. 


Grubea quadrioculata, Augener. (Plate 17. figs. 21-26.) 
Qruhea ijpMdrutc^ata^ Augener, 1, p. 254, text-fig. 38 ; Taf. 3. fig. 31. 


This Grubea^ which Augener found rare in the South-west Australian 
oollectious, occurs, also somewhat rarely in my experience, in Port Jackson. 
It is most clearly distinguishable from the preceding by the absence, in the 
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majority o£ specimens, of the frontal eyes, and the greater size of the 
proventriculus. 

Augener's fig. 31, though it doubtless represents his material accurately, 
does not correctly represent the head-end as it appears in living or well-fixed 
specimens, and I give here a new figure as well as one of the parapodium 
and the setae. 

The two species here referred to as (r. kerffuelensis and quadrioculata 
do not differ very widely from one another. The latter is a larger and more 
robust form than the former, has a comparatively large proventriculus, and 
usually only four eyes. But six eyes are present in a considerable proportion 
of cases. 

SPHiERosYLLis HYSTRix, Claparede. (Plate 18. figs. 32-35.) 

SpharosyUis hyatrix^ Clapar^de, 3, p. 45, Taf. 13. figs. 36, 37. 

Spharoi^Uis hystrtx, Marenzeller, 23, p. 25. 

Sphe^rosyllis hyatrix, McIntosh, 21, p. 156, pi. 59. figs. 8, 4, 8; pi. 70. fig. ] ; pi, 78. 
figs. 11-13. 

Tn describing S. pirifera (Ann. Chet.) Glaparede refers to a few points of 
dilFerence from S. hystniX previously described by him. The cirri and 
tentacles he states are relatively shorter and more dilated at the base and 
always curved or hooked at the ends. Mtirion and Bobr^lzky (24) regard 
S. hystrix and S pirifera as identical or at least not Bpeciticiilly distinct. The 
nearness of the two forms is emphasized by De St. Joseph. The distinctive 
character, he states, is the existence of the glandes a hatonnets in 
S. hystrix, 

A Spltcerosyllis which is extremely common in Port Jackson conforms 
closely to (Jlaparfede’s account of S.pirifera as supplemented by Viguier (Arch, 
de Znol. exp. etgen.,2 s^r., tome ii. (1884)). But it possesses the ‘^glandes 
a hAtoniiets,” and should thus, by De St. Joseph’s interpretation, he assigned 
to the older species. This, however, is contradicted by De St. Joseph’s 
statement that in the latter the yellow glands are absent. Moreover Viguier 
states that /S', hysirix remains alw^ays transparent and does not become 
encrusted with foreign bodies. • 

As the Port Jackson form, like the specimens collected by Pierantoni in 
the Gulf of Naples, frequently possesses both the rhabdite glands and the 
yellow glands, I have followed the last-named author in bis conclusion that 
the presence of the structures in question or their apparent ab.<ence is not to 
be relied on as a specific distinction. I am inclined to believe that both sets 
of structures are present in all 5. kyetria! and S. pirifera specimens, but that 
one or o:her, owing to its \physiological or developmental condition, may 
sometimes not be readily recognizable. As tife Australian specimens differ 
in some minor points from the published descriptions, 1 think it desirable to 
describe and figure this common Australian form pretty fully, while still 
retainiiig for it for the present the name of & 
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The length of a mature specimen is, on the average, about 5 mm. with a 
breadth of about *5 mm. The number of segments varies from about 25 to 
over 40. The length of the segments is approximately half the breadth. 
The colour is grey or reddish- or yellowish-grey, and is regulated by the 
amount of adherent debris. The colour, when present, is due to diffused 
irregular dots of red pigment. 

The palpi, which equal prostomiiim and peristomium in length, are, as in 
other species of the genus, closely united togetljer, separated by a median 
groove and a terminal notch. The distal part is contracted, the narrowing 
usually taking place rather abruptly ; the narrower terminal part is often 
bent sharply downwards so that it becomes invisible wlicn the animal is 
looked at from above. Most specimens have the palpi entirely devoid of 
papilh'c, but in a few cases two symmetrically placed pairs of very distinct 
papilla? are present on the dorsal surface of these appendages. The tentacles 
are of equal length, scarcely extending as far as the distal end of the palpi. 
The basal portion of each is dilate<l, the distal narrow—the dilated and narrow 
parts being of nearly equal length. Under some conditions, or in some 
individuals, the dilated parts of the tentacles (and the same holds good of 
the cirri) become almost spherical and the narrow terminal parts greatly 
reduced. There are never more than four eyes, the ‘‘frontar' pair present 
in some nearly-related species being aV>sent. The size of the eyes Aories 
greatly, being greatest in individuals with ripe sexual products. The single 
pair of t>eristomial tentacles are similar to the prostomial. 

1 he dorsal surface of the peristomium and the segments of the body are 
ornamented with papilla*. The surface of the body is very usually covered 
with a layer of granular debris adhering to the surface, and this may com¬ 
pletely hid© the papillje, hut, when the latter are distinguishable, their 
arrangement is extremely regular, about fifteen pairs being symmetrically 
placed on each segment. On the ventral side also papilla? are present, hut 
those are smaller and le^s numerous than those of the dorsal surface. 

The dorsal cirri closely resemble the tentacles in form and size. They aro 
about equal in length to the corresponding para podia, but may project beyond 
them. They bear each a small number of papilla?, but these are never so 
prominent as those on the body and parapodia and are sometimes very 
obscure. The dorsal cirri of the second setigerous segment were absent in 
all the specimens examined for thevn. 

The ventral cirri are smaller than the dorsal, and not definitely dilated at 
the base. The anal cirri do not differ notably from the largest of the dorsal 
cirri and resemble them with regard to the papilhe. There is no posterior 
median process, but three pairs of papilla?, rather larger than those on the 
general surface, lie between the anal cirri. 

The parapodia (PI. 18. fig. 33) are in length about half the breadth of the 
body, ^ compressed conical shape. Each bears two prominent papillae 
towards its extremity. The single aciculnm has its terminal part bent 
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nearly at right angles with the rest of its length in the manner described 
by Viguier (84), by St. Joseph (31), and by Pierantoni (28). The most 
dorsally placed seta is simple, gently curved towards the end, and pointed; 
along the concave edge of its terminal part runs a row of exceedingly small 
hair-like teeth. The remaining seise, usually six in number, are all com¬ 
pound and of the same general character, with well-developed, though short, 
terminal appendages. In sexually matured specimens, but not in females 
bearing external ova or embryos, there are bundles of long capillary setae 
(natatory or puberty setae) beginning on the 12th to the 14th segment and 
ending on the 28th to the 35th. 

The proventriculus (gizzard), when the proboscis is fully retracted, lies in 
the fifth and sixth setigerous segments. Its wall contains about 15 rows of 
muscle-columns. Yellow glands and ‘‘ glandes a batonnets ** are both present. 
The eggs and embryo are borne in pairs on the ventral side. 

SpH^ROSYLLIS PRRSPICAX, Ehlers. 

f SphtBrofylltB UrguelensU, McIntosh, 20. p. 206, pi. 29. fig. 5; pi. «23. fig. 10; and 
pi. 15 A. fig. 22. 

Sph€tro8yU%B per^cax^ Ehlers, 11, p. 66, tab. 6. figs. 1-3. 

P SplutrosyllU arutarctieuB, Gravier, 16, p. 12* 

8ph€BroiyUU perspicaxy Augener, 1, p. 260. 

The SpharosyllU which I refer to the above-named species is compara¬ 
tively very rare in my experience in Port Jacksom 
Augener found it also rare in the South Australian collection of the 
Hamburg Expedition to South Australia. It differs from the common form 
which I have referred to S. hystria^ (1) in having the palpi relatively 
shorter, not produced into such a l^ng narrow anterior prolongation, and 
beset with well-formed papillss; (2) in the presence of the third or frontal 
pair of eyes ; (3) in the acionla being straight to the end ; (4) in the much 
greater length of the proventriculus, which extends nearly thron;:h four 
segments, and has about 20 rows of mnscle-colomus in its walls ; and (5) in 
the embyros being borne on tbe dorsal side, four on eaf;h segment. 

Sphjerosyllis hibscta, Ehlers. 

S^hm^esyUis hinutay Ehlers, 8, p. 48, Tsf. 8. figs. 58-60. 

^harotyUu hirsuta^ Ehlers, Annelid, d. Valdivia-E^ped. Bond xvi* p. 66. 

SpharosylUs hirsutay Ehlers, 10. 

. ^iharusyUU hitnuta, Augener, 1, p. 249. 

This species appears to be common in South Australia, but I have not 
hitherto succeeded in findlhg it in Port Jackson. The embryo**hearing 
females should be readily distinguishable from tliose of S. hystna by 
the dorsal position of the embryos and their occurrence in fours. From 
8. persjfneaa the absence of the frontal eyes seems to he the only important 
distinction. 
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Intboumentart and Pedal Glands. 

In E.fustifera tlie integumentary glands display a remarkable develop¬ 
ment. In each segment near its posterior limit they are arranged in a broad 
zone (PI. 18. fig. 49) which is much more strongly marked on the dorsal side 
than on the ventral. The secretion has a strong affinity £or hfcmatoxylin, 
and in many stained specimens the result is the appearance of a very 
characteristic pattern of transverse bands. The individual cells are irregular 
in shape and of small size for the most part; but in the middle ventrally, 
closely applied to the nerve-cord (see PI. 18. fig. 48 and lig. 50) are two 
or three of considerably larger size—these groups of larger cells having the 
appearance^ in entire well-stained sf)ecimens, of dividing the nerve-cord into 
lengths corresponding to the segments. 

In series with this zone of integumentary glands, but on a deeper level and 
projecting into the coEslom from the body-wall, there are on each side in 
the posterior part of each segment three lancer rounded bodies (PI. 18. 
figs. 44 & 45, ; PI. 18. figs. 41 & 42), each made np of a group of uni¬ 

cellular glands with ducts oj»ening on the surface about the lateral border 
of the segment behind the parapodia. 

A feature of the glands last referred to which may ho of physiological 
significance, is the development within them, or some of them, of excessively 
minute granules which pass out from the substance of the gland-cells into 
the cmlom as definite corpuscles (PI. 17. fig. 29). 

The pedal glands are referred to by Malaquin (22), but only in the most 
general terms. 

In Exopone fustijera the pedal glands are two pairs in each segment— 
a dorsal and a ventral (PI. 18. fig. 49, t\p,ff.)^ eacli placed in close relation to 
the corresponding cirrus and partly contained within it. Of these the ventral, 
situated for the most part just internal to the ventral cirrus, but extending 
also into the interior of the latter, is of special interest since in the female 
it is the gland secreting the viscid substance by means of which the ova 
when discharged become attached to the parent. 

In /?. verrugera the integumentary glands are not condensed into 
transverse zones as in E. fastifera. Tliey are fine convoluted tubules which 
are most abundant in the anterior region of the body. The pedal glands 
(PI. 18. fig. 30) are very similar to those of E, fnstifera. 

In iSphvrosgllis hgstrix the secretion of the integuinentary glands forms 
a resistant layer in which small {»articles of grit become thickly embedded. 
This may be heaped over and around the papillae in such a way as to give 
rise to the appearance of a system of comparatively large tubercles regularly 
distributed over the dorsal surface. This does not seem to be of the nature 
of a permanent layer since it varies greatly in thickness, and specimens are 
aometimes met with in which it is entirely absent. This point has already 
been referred to in the systematic part of this paper. 
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The ventral pedal glands (PI. »17. fig. 30) are usually conspicuous m 
S. hystrix. In the female their secretion has, as in Exoffone, the function of 
effecting the attachment of the eggs to the ventral surface. 

In Grubea kergueUnm and G* quadrioculata the integumentary glands are 
diffused and inconspicuous. 

‘‘Capsules a bfitonnets” or rhabdite glands are not universal in the 
Exogonem. Among the species dealt with in this paper they occur in 
SpJuerosyllis hystrix^ Grubea pudlloides^ and G. kerguelends. In Spherosyllii 
hystrix each is an oval sac situated on the dorsal and posterior side of 
the corresponding bundle of seise and opening on the surface on the 
dorsal side of the pnrapodium : the slender rhabdites are often to be seen 
protruding through the external aperture. In Grubea piisilloides^ as already 
descril)ed, there are two of these bodies in ejich of the remarkably modified- 
dorsal cirri (PI. 17. fig. 27). In <?. kerguelensis they have almost exactly the 
same position as in SpJuerosyllis hystrix and are found in all the segments 
from about the eighth backwards. 

There is little doubt that where they occur these rhabdite glands represent 
a modification of the dorsal pedal glands of other members of the group. 

In the absence of direct observation it may be conjectured that the main 
functions of the svstem of integumentary glands are protective : the viscid 
matter which they secrete becoming strengthened by the inclusion of foreign 
gritty particles may form a temporary investment as in Exogme^ or may 
become closely adherent to the integument as in SpluvrosylUs. With such a 
protective function is doubtless associated the entangling of animals seized 
upon as prey, permitting of their being effectively attacked by means of the 
proboscis. 

The pedal glands, dorsal or ventral, ns the case may be, assume in the 
female the special function of secreting the viscid matter by the agency of 
which the ova are caused to adhere firmly to the surface : since the same 
glands are equally developed in the mule, it seems probable that in the latter 
sex they also have a special function—perhaps connected with fertilization. 

The rhabdite glands, which in part replace pedal glands in some cases, 
doubtless have a specialised function in connection with the capture of prey 
and the warding off of enemies, ^ 

Alimentary Oakal< 

The pharynx in Exogone fustifera has the usual single tooth and the circlet 
of conical papillse, which are eight or ten in number. In the living speci¬ 
mens in some cases droplets of clear liquid are to be detected exuding from 
apertures at the ends of the papillsa, and in eonnectian with these are 
traceable fine ducts which are the ducts of the glands of the papiiiss (pharyn¬ 
geal glands)* These (PI. 17. fig. 1, p.g.} are about ten in number^ in the 
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shape of narrow cylinders, which extend backwards parallel with the pharynx, 
encircling it closely and becoming intimately attached to it behind. Each of 
these cylinders ai>pears to be of the character of a group of unicellular glands 
each terminating orally in a slender duct. 

These glands were observed by (Jlaparede in various Syllids, Thus in his 
account of Gruhea limhata (2. p. 208) he says :—“Tout autour (dc la trompc) 
sont disposes des boyaux d’apparence glanduleuse/^ In his figure of 
phylax daviger (pi. 13. fig. 2) the letter g points to a narrow body at the side 
of the pharynx which is referred to in the explanation as “ glandes de la 
trompe.^^ But this, though he seems to have mistaken it for them, has 
nothing to do with the boyanx d'apparence glanduleii»(s^’ being situated 
within, not without, the wall of the pharynx, and probably i< an indication 
of the body to be described presently under the designation of anterior 
proventrieular glands. He overlooked altogether the occurrence of the 
structures in qoe.stion in the larger Syllids, and only refcired to them in 
connection with Sphcerosgllif^ Poedophylax ( Exogone)^ and Grubea, The 
definite connection with the papilhc he appears not to have usccriained. 

De St. Joseph (31), on the other hand, is very clear on both of these points. 
Malaquin (22. p. 11)6 et seq.) gives a very complete account of these 
pharyngeal glands and 1 have nothing to add to his observations. With 
regard to the functions which they may be supposed to discharge ho remarks 
(p, 198), “ Le contenu de ce.s glandes, se deversant i)ar les pupilles, a pour 
bout de les faire adherer fortcunent a la proie, et, d\m autre cote, il a pent- 
Ctre un role special dans Tahsorption des aliments; il se pourrait encore qifil 
ait des propriet<‘s toxiques destinees ii neutraliser les moiivements de cette 
proie.” 

The pharynx has the usual thick cuticle with an epithelial layer of ill- 
dcfiiicd cells which contain numerous yellowish granules. Posteriorly this 
layer swells out to form the anterior proventricuUir gland (PI. 17 . fig. 1 : 
PI. 17 . fig. 31 ; PI. 18 . figs. 37 & 38). This is a muss of irregular cells with, 
here and there, large vacuoles containing the secretion. From these a 
n,umber of ducts, some wide, some narrow, pass backwards through the thiek 
epithelium of the anterior part of the proventriculiis, to open eventually into 
the lumen of the latter. 

The structure just referred to seems to have escaped the notice of previous 
observers. The only reference to it which 1 have been able to find is the 
following statement of Malaquin’s (22. p. 198): “ Dans la region posterieure 
de la trompe pharyngienne Pepitheliuin devient alveolaire, et prend partoui 
Tapparence d^un (Epithelium S(icr6tant, e’est qu’en effot, raccrcissemciit de la 
trompe et par conscEquent de la chitine se fait par cette extremite, d avant en 
arriire.'' 

This however, though describing the superficial appearance of the part, 
ove**looks its real character and the special destination of the secretion. 
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The structure of the muscular organ which I have called the gitzard, but 
for which the name proventriculus used by Malaquin and others will be 
employed here, is similar in all essential respects to that of the corresponding 
organ in the Syllidss. The proventriculus is a thick-walled cylinder, the 
lumen of which is reduced in the passive condition of the organ, to the form 
of a vertical slit. Along the dorsal and ventral median lines opposite the 
ends of the slit run dorsal and ventral raphes along which the thickness of 
the musculature is greatly reduced. The greater part of the thickness of 
the wall is taken up by radiating muscular columns arranged in annular 
rows. 

Hulaquin (p. 213) states that the wall of the proventriculus consists of the 
following layers;—(1) ()eritoneal layer ; (2) external circular muscles 
forming a thin layer; (3) radial muscle-columns separated by transverser 
diaphragms; (4j internal circular fibres; (5) the general columnar epi¬ 
thelium of the digestive tube ; (6) the cuticle. 

How far this is correct in relation to the Sgllidea, Eutgllidea, and Avto- 
lytidea will not be discussed in this paper. In Exogmie fuatifmt, (and the 
other Exogonea which I have studied) there are no layers of cirenlar muscle 
—the only circular fibres being those in the so-called diaphragms. 

That the radial muscle-columns are in the Syllidte striated muscle-fibres 
of a primitive type was pointed out by me ( 16 ) in 1886, and the subject was 
further elaborated in 1889 ( 17 ). 

Muluquin (88), who was unacquainted with my second contribution to the 
subject, arrived independently at very similar results. 

In Exogone fustifera, as in all the other Exogonea: which I have examined, 
the ninsole-columns (PI. 18 . figs. 37, 39 40) are non-striated : - they contain 

no doubly-refracting substance and are devoid of transverse networks. 
In other re8}>ects they closely resemble the muscle-columns of Syllidea. 
They have a cortex of muscle-substance made up of fibrilisp, and a core of a 
granular protoplasmic material. Hear the squarisli outer end of the column is 
a nucleus usually single in the middle of the core ; and in this region the 
protoplasm of each muscle-cell omnmunioates with that of its neighbours in 
the same row by means of narrow processes. 

In addiUoB to these peculiar muscle-columns with their protoplasmic cores, 
die wall of the proventiicnlns also contains muscular fibres of the same 
ciiaracter as those occurring in other parts of the body. These are arranged 
in narrow annnlar bands corresponding to the annular rows of muscle- 
eolnmns. Each of these in Exogone Jntttfeva (PI. 18 . figs. 39 & 40) runs 
throngh the muscle-columns of the corresponding annular row close to their 
outer ends. 

The mnsde-colnmna of E. /ueti/era are divided by the circular muscles, 
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tiRually unequally, the circular ring passing through at the level of the single 
nucleus of the column or deeper (according to the condition of contraction?). 
The circular fibres have their own nuclei at intervals. 

The internal epithelium and cuticle of the proventriculus, both very thin, 
present no special features of importance, except that the former is consider¬ 
ably thickened botli in front where the dnets of the proventricnlar glands 
open, ^nd behind in the nciglibourhood of the entrance to the ventriculus. 

The proventriculus is invested in a thin but resistant membrane which is 
doubtless derived [)urtly or wholly from the splanchnic layer of coelomic 
epithelium. It contains flattened nuclei at long intervals. In sections 
stained with iron-haBinatoxylin, it shows a fine irregular network of fibrils*. 

The rest of the Kxoyoueiv examined by me resemble Kxogone fustifera in 
the structure of thepharj’iix and proventriculus in all essential respects. The 
pharyngeal and proventricular plands are present in all. In all with one 
exception the rings of transverse fibres perforate the outer ends of the radial 
muscle-columns, dividing them either equally or unequally. The only 
exception is an undetermined species of Gruhea in wdiich the rings are 
arranged regularly hetiveen the annular rows of muscle-columns. 

The ventriculus of Exogone fustifera^ somewhat shorter than the proventri¬ 
culus, is nearly as broad as the latter in front, but narrows behind towards 
the junction with the intestine. The wall of the organ contains radiating 
muscle-columns w’hich are more widely spaced than those of the proven- 
triculus and of simpler structure—solid and without protoplasmic core. 
Circular rings of fine muscular fibres run between tin rows of columm close 
to the outer surface. Tiie internal epithelium does not form a definite layer, 
but its cells lie irregularly among the muscle-columns. Here and there in 
the wall of the organ lies a unicellular gland, 'Ihe ducts of these, the 
posterior proventrictilar glands^ do not open into rhe lumen of the ventriculus 
but run forw^ards and pierce the e| ithelium to open into the posb rior part of 
the proventric‘ulus. 

In Sphceiwi/lUs hystrix the ventriculus has a definite epithelium. In 
Gruhea kerguelensis and G. quadnocitlata the ventriculus is so greatly re<lnced 
as to be practically obsolete. The other Exogonece studied resemble Exogont 
fustifera in the structure of this part of the alimentary system, 

• With regard to the relations between the circular and radial muscular fibres in the wall 
of the proventriculus, it is to he remarked that Malaquiii takes a view which does not accord 
with the account above given. He regards the annular diaphragms, complete or incomplete, 
as always separating the rows of radial fibres, and he is thus led to the C(»nclusion that such 
an arrangemeiit as that occurring in Exoyone fudifet'a (which is common also in the 
SjfUidea) means that the radial mua le-columns of each row are arranged ** back to back.** 
But since it is exclusively with the Sythdea that he is dealing, it will be best to defer for the 
present entering further into this subject. 
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Nephridia. 

Oharactoristic of the nephridial system in Kvogone fnstifera is the fact that 
in both sexes the nephridia of each pair unite completely towards the time 
of sexual maturity. In immature stages they are represented by pairs of 
narrow ciliated tube? of the usual character, with ciliated funnels. But in 
this and subsequent stages the walls of these organs are composed, not of few 
and comparatively large cells, as observed by Goodrich (14) in other Syllids^ 
but of numerous small cells, as noticed by Olaparcde (2. p. 213, pi. 13. 
tig. 2 a) in the mature male of Exogone clangem. 

In the female in the earliest stage of sexual differentiation observed 
(PI. 18. fig. 48), each of the segments from the 12th backwards contains a 
pair of small ova, each enclosed in a sac with small-celled walls having 
a tubular outgrowth opening at the nephridiopore, Tlie ciliated funnels at 
this stage appear <o be entirely separate from the sacs. The derivation of the 
ova is unknown. 

In specimens bearing embryos, in the segments on which embryos are 
situated, and in several in front and behind, nephridia are present having the 
following features. Each is a small oval sac wdth small-celled walls opening 
on the exterior through the nephridiopore, and of a short narrow canal 
leading from it to the adjacent nephridial funnel on the other side of the 
septum. The sac is contractile, the contractions being rhythmical though 
irregular, and the rhythm corresponding roughly witli that of the contrac¬ 
tions of the ventral vessel. The contractions have the effect of drawing the 
walls of the organ towards the attached external end. In sections it is seen 
that a transverse branch from the ventral blwd-vessel ends blindly imme¬ 
diately in front of the nephridial sac*, and it is probable that it is the 
contractions of this branch vessel that stimulate the contractions of the wall 
of the sac. At the stage now referred to, the sac does not contain an ovum 
—merely an irregular coagulum. But specimens without embryos were 
found as already stated having the nephridia in almost exactly the condition 
just described except that each sac contains a small ovum. 

Tiie ovum increases in size, distending the enclosing sac till its wail 
becomes reduced to a very thin membrane—the tubular efferent part being 
permanently retained with little alteration. As the two ova in each segment 
increase in size their enclosing sacs grow inwards towards one another. 
Eventually they meet in the middle line (PI. 16. fig. 49) and unite to form a 
single spacious sac enclosing the tw*o ovii and having on each side fhe 
original communication with the exterior. When the two sacs communicate, 
the two ova, instead of lying one on either side of the segment as at first 
(tig. 50), take up a new position one in front of the other, each extending 
transversely right across the cavity of the segment (fig. 51). 

When the ova are discharged from nephridial sacs each at once becomes 
attached'by one end to the small of the ventral surface (immediately 



THE %'XOGOJfRM, 


333 


internal to the base of the corresponding ventral cirrus) on which the ducts 
of the ventral pedal gland open. A mass of the secretion of the gland in 
question has collected within the gland : this must be pressed out, presumably 
as a result of the same contraction which leads to the discharge of the ova, 
and forms a viscid plug to uhich the ovum becomes fixed. 

The position assigned by Viguier (34) in his description and figure (p. 89, 
pi. 4. fig. 19) to the discharged ova of fJ. gemmifi'ra corresponds very closely 
to what I find to be the arrangement in E. fustlfera. He is not right, how¬ 
ever, in the statement that the point of attachment corresponds exaittly to 
that of the opening of the “ vc^icule seininale^’ of the male: it is dis- 
tinctly behind that point. 

The sequence of events in the male is more complicated, and I have not 
been able to follow it out compietel3^ The original simple, nearly straight, 
obliquelj" directed tube of the nephridiuin begins to liecome complicated in 
the manner described below. At this st4ige there is as yet no appearance of 
sperms. Later, when a mass of sperms has appeared, the pair of nephridia 
are represented by much looped tubes with walls of the chaeteristic small 
cells. Subsequently the sexual segments have their ooelomic cavities (en¬ 
larged by the extreme attenuation of the intestine), with the extensions into 
the parafjodia, filled with sperms—the nephridia in each segment now being 
represented by a single sac (PI. 18 . fig. 45), apparently containing only a 
watery liquid wdth which it remains distended, and communicating w ith the 
exterior laterally by the nophridiopores. Sperms subsequently enter the 
nephridial sacs—presumably through the ciliated funnels. From the fre¬ 
quency with which this stage is met with it would appear to last for some 
time—the huge stock of accuinulated sperms gradually being drawn into 
the nephridial sacs and becoming passed to the exterior. 

When the male nephridia first appear they are developed as hollow^ in¬ 
growths from the surface in the position of the nophridiopores. Each of 
these grows obliqiiel}'' forwards and inwards, and becomes completed by 
passing through the mesentery^ and terminating in the ciliated funnel, which 
seems to be independent^ developed. The nephridiuin has now the character 
of a straight, or nearly straight, tube niniiing obliquely from the nephridio- 
pore on the ventral side of the segment a little in front of the parapodium 
to the nephrostome opening into the cavity of the segment next in front. 
Its wall, as in the case of the female, is composed of a single layer of 
small cells. The terminal part of the tube is dilated into a contractile s ic as 
in the female. 

The first change that takes place is the giving off of a branch from the sac 
not very far from its external opening (PI. 18 . figs. 41 <& 42), This grows 
backwards and becomes thrown into a loop. At the same time the original 
tube is drawn out into a loop which extends inwards and nearly meets its 
fellow of the opposite side in the middle line on the ventral side of the 
intestine* 
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Meanwhile the rudiments of the testes have appeared as musses of narrow 
tubes surrounding the nephridia closely and extending round the intestine 
towards the dorsal side. The origin of these testicular masses is difficult to 
trace. They are developed in close association with the nephridial tubes and 
are composed of cells at first very similar to the cells composing the walls of 
these tubes. But they are also from the first, or from an early stage, closely 
associated with the peritoneal lining of the sides of the intestine. 

Before the testes are formed, or while they are still small, there is to be 
seen in the living animal in front of the nephridium a colourless thin-walled 
sac which contracts at intervals* This must correspond to the dilated end of 
the vascular ca}ciini described by Malaqiiin (p. 383) us forming the axis of 
the testis in the Syllidse. It becomes hidden in Exogone fustifera when the 
testes develop, and 1 have been unable to truce it in sections. Its equivalent 
in the female is referred to above. 

Later, when masses of sperms have been set free in the coelom, the nephridia 
come to be represented by two relatively wide tubes (PJ. 18. fig. 43), one on 
either side, still connected with the uephridiopore and provided with a ciliated 
nephrostoine. Each becomes a sac with narrow lumen and thick wall com¬ 
posed of numerous small cells. The lumen of each sac increases in extent 
(PI. 18* fig. 44) and the cavities of each pair at length unite, though partly 
separated for a time by a septum which at last disappears, the wall of the 
unpaired sac (PI. 18. fig. 45) thus formed becoming at length thinned out 
till it assumes the character of a single layer of small cells. 

The presence in E, clamgera of vesicules seminales ” which were in all 
probability formed each by the fusion in the middle line of a pair of 
nephridia was observed by Olaparede (2. p. 212). He does not describe a 
corresponding fusion in the female. 

Yiguier (34. p. 86) agrees with Claplirede regarding the unpaired [mnehes 
of the male, but describes them as opening behind and not in front of the 
ventral cirri. ' In the ripe female he describes (p. 88) the two ova in each 
segment as increasing in size till they meet below the intestine, and one may 
pass in front of the other. From the results of compression be concludes 
that the apertures of egress are in front of the base of the parapodium. 

Be St. Joseph (31. p. 86) confirms Glaparede^s account as regards the 
male. With regard to the female he states Une femelle de 25 segments 
a dans les lOe.k 23e. segments une masse vitelline grise sans noyau, entour^e 
d^nne membrane et commenc,^nt k se segmenter en deux; situ^e sous le 
ventre entre I’intestin et la paroi da corps elle occupe presque toute la largeur 
du segment. Est-ce une poohe renfennant deux esufs dont ye n^ai pas vn le 
noyan et que commence a separer en deux ? Est-ce un eenf unique k son 
premier stade de segmentation ? 

Grubea pmUttideg has the sexes united. The oceurreaee of this condition, 
so rare in the Polycheeta, has been recorded fay Bn Piessis in another spemes 
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of the same genus—6r. protandrica. In 6r. ptisilloides there is no protandry, 
so far as I have been able to observe—active sperms and maturing ova 
occurring together. 

In a sexually mature specimen^ before oviposition takes place, one large 
ovum is found in each of the 11th or 12th to the 16th or 17th segments 
(text-fig. 2). Each of these is lodged in a thin-wallcd sac formed by the 
union of the two nephridia of the segment and opening on the exterior by 
the two nephridiopores, situated just in front of the parapodia on the ventral 
side. 


Text-tig. 2. 



Development of ovum in Orubea pusilloidea. 
d,c.f dorsal cirrus; i., intestine; ventral nerve-cord; «/>., uephridiopore; 
ov,, ovum ; ventral cirrus. 

The testes are developed as small irregular bodies in close connection with 
the nephridia in the 9th and 10th or 10th and 11th segments. There is no 
union between the nephridia of opposite sides. The s|>erins in the 9th seg¬ 
ment collect in the posterior part of the segment and doubtless are taken up 
by the ciliated funnels, and passed to the exterior through the nephridia of 
the 10th segment. Sperms still remain active in specimens with three 
externally attached ova. In specimens with the full number (five) of 
external ova attached to the 10th to 15th segments sperms were still to be 
found in the male segments in front. 

De St. Joseph states (31. p. 79) that in (?. pusilla the female has two eggs 
attached to each segment from the 10th to the 26th. 

In Sphcerosyllis hystrix in the male the early development of the nephridia 
and testes tsikes place very much as in Exogone fusiifera. Later the inner 
portions of the testes unite in the middle line. In mature males with the 
coelom full of sperms, the two nephridia of each segment, which remain 
quite separate from one another, have assumed the form of coiled thick- 
walled tubes with degenerate epithelium. In the female the twD ova 
developed in each segment (PI. 18. fig. 16) are in early stages of growth, 
each enclosed in a sac with a wall composed of a single layer of cells and 
apparently corresponding to the nephridial sac of other Exogonec^. But in 
specimens with fall«-grown ova this investment has completely lost its cellular 
character and has quite the appearance of a.cuticle. 
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In youn; females of Grubea kerguelensU there are fonr small ova on each 
side in each segment. Two of these occupy a position in the segment 
corresponding to that occupied at first by the only two in Exogom fustifera^ 
lying nearly transversely—the other two are situated laterally. Each of the 
transverse ova is situated in a thin*walled sac (nephridiuin) opening in the 
usual position, and there can be little doubt that the investment of each of 
the other ova is a prolongation of this sac. 

So far as the material at command goes, Grubea quadrioculata corresponds 
closely in the female reproductive apparatus to 6r. kerguelensis. 

Embryology. 

For our earliest information on the development of the Ewogaiiece we are 
indebted to (Ersted (25)^ who gave a brief account of some of the stages as 
seen in his Exogone naudina. 

Viguier (34) notes some points in the development of Exogone gemmifera. 
The segmentation stages figured do not, the author acknowledges, throw any 
light on the mode of formation of the germinal layers, but he thinks it 
probable that there is an invagination the orifice of which becomes the anus. 
The buccal invagination appears somewhat late. When the larva becomes 
detached it possesses five setigerous segments. 

De Saint Joseph (31) describes various stages in the later development of 
E. davigem and makes an interesting observation on the difference between 
the development of Gruhea davata and 6r. pusilla which will be referred to 
later. 

The only other recorded observations on the embryology of the Exoqoneiv 
are those of Pierantoni (28). This author made a noteworthy contribution 
to our knowledge of the remarkable phenomenon of epigamy ; but the 
objects which he aimed at in bis research did not include a complete study 
of the embryology. His results as regards the embryology of SpiKvrosyllis 
hystrix may be summarised as follows ;— 

The ovum divides into two blastomeres of which one divides rapidly into 
two, four, and eight, while the other divides much more slowly. From the 
successive divisions of the former blastomere there result a great number of 
micromeres (ectod<-rm) and from those of the other li very small number of 
macromeres (endoderm) which ultimately become enclosed witbin the micro¬ 
meres ; the former at this stage are only dght in number. 

Both micromeres and macromeres increase in nuinberi but, as regards the 
latter, after the s age of eight cells it is no kmgei* possible to distinguish the 
individual elements, the whole appearing as a mass of red yolk-mattor. 

In Exogoiie fustifera the^ ova when discharged are fixed to the ventral 
surface just internal to the Ventral cirri-—the attachment being effected, as 
already stated, by means of the secretion of the ventral pedal glands. A 
pair is attached to each segment from the Ilth or 12th as for back sometimes 
as the 43rd or 44tb. ^ 
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Tbe earliest stages of development closely resemble corresponding stages 
in the Polycbseta in general* Complete segmentation results, in division into 
four cells from which the four primary micromeres are derived by farther 
division. 

But I have not attempted to follow out the details of the cell- 
lineage—«a task which, in view of the minuteness of the ova and the small 
number of stages available, would be one of peculiar difficulty. 1 can only 
record the increase in the number of the micromeres until, while the four 
niaeromeres still remain unaltered, they come to form a cap of small cMls on 
one side of the embryo. 

I have not succeeded in observing n stage when the micromeres have 
completely enclosed the mass of macromeres. Or perhaps it would be more 
' correct to say, that when such an investment has ttiken place, some differ* 
entiation has already been effected. Since no stage intermediate between 
those represented respectively by figs. 52 and 53 of PI. 18 has been observed, 
it ivould appear probable that a process of differentiation goes on pari passu 
with the extension of the investing layer of micromeres. This differentiation 
resnits in tbe formation of two centres or areas of development—the dorsally 
situated dorsal plate (PI. 18. figs. 54-57, d.pL) and tbe ventral stomodwal 
tract (PI. 18. figs. 64-57 and figs. 58 & 59, st.). The former is early 
distinguishable into anterior and posterior lobes, and consists at first of only 
a single layer of cells. The latter at tbe outset appears as a small rounded 
group of cells irregular in shape and arrangement in the middle of the 
surface of tbe embryo destined to be ventral, and about midway between the 
two poles. 

The dorsal plate sends off posteriorly a pair of outgrowths which eventually 
meet and unite at the posterior end of tbe body. These outgrowths, tbe 
perminal bands (^.5«), are separated from one another both on tbe dorsal and 
on the ventral surface by areas composed of ectoderm (enclosing tbe mass 
of yolk). Sections of embryos at this stage (PI. 18. fig. 59) show that each 
germinal band is composed of two layers, a superficial with smaller nuclei 
—the ectoderm,—and a deeper with larger nuclei—the mesoderm. 

The stomoda3al area has in the meantime been undergoing differentiation. 
A depression has appeared on the snrface which deepens and penetrates into 
the mass of cells as a sharply-defined cylindrical pit. Latterly the stomodseal 
rudiment sends out a string of cells which extend to tbe angles of the dorsal 
plate, or more exactly, of the posterior lobe of tbe latter. The destiny of 
those clearly defined bands passing out right and left of the stomodseuni and 
joining the apical plate dorsally, has not been followed. They very soon 
lose their distinctne^. 

, Saoh germinal band now undergoes a process ol transverse segmentation 
(PL figs. In the region at posterior end in which the two 

have heceme united they give rise to the m^inent of the pygidial s^ment. 

WNN. jr0TJnK.---200Xi0aT, VOt. XXXIV. 18 
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In front each geminal band divides into fire segments, the first smaller 
than the rest, which are subequal. Sections show that, like the germinal 
bands, each segment is composed of two layers, a superficial, ectodermal, and 
a deeper, mesodermal (f 1.18< fig> 63). 

• Tim area between the two rows of somites continues to be covered dorstilly 
by a very thin ectoderm. Yentrally, on the other hand, at the stage when 
segmentation has lieen completed, is a thicker layer of closely-set small cells 
divided along the mid-ventral line by a raphe or suture (PI. 18. figs. 62 & 64). 
This is obviously the rudiment of the ventral nerve-cord. Whether it is 
formed from the thin ectodermal la 3 'er originally present in this position or 
by lateral ingrowth from the two germinal bands has not been actually, 
determined. But the latter inode of origin, especially in view of the presence 
of the median raphe, is by far the more probable. At this stage the rudi¬ 
ment of the nerve-cord presents no trace of segmentation. 

The dorsal plate has thickened materially and extended over the anterior 
(free) end of the embryo (PI. 18. figs. 56-64). The stoinodseum has extended 
and assumed a rounded form. Posteriorly it gives off air extension—the 
rudiment of the proventrioulus—the original stomodseum becoming the 
pharynx. The epithelium of the former has formed around it a simple 
layer of cells which tend to elongate radially, these are destined to form the 
radial muscular fibres of the proventrioulus. External to this and closely 
applied to it are flattened cells which may form a continuous' layer. 

' The next change of importance is the appearance of the first rudiments 
of the tentacles (figs. 64 & 65). The free or bead end of the embryo had 
already developed a solid thickening—^the rudiment of the closely united 
palpi. On the dorsal side of this appear two, to which a third (median) is 
sodn added, small knobs—the begiiAiings of the cephalic tentacles. About 
the same time appear the rudiments of the anal cirri. The peristomial 
tentacles do- not appear till considerably later. At this stage there are six 
pairs of mesodermal somites, the members of each pair widely separated from 
one another. 

When the rudiments of the parapodia first appear as slight lateral pro¬ 
jections they are developed from the somites. 

It appears to be cleat that the coelom cannot be formed in the same way 
as in Folycbffita in general. At the atage when rudimentary setse first 
make ^eir appearance in the parapodia the stomodmum ends behind in a 
mass of tissue in which the large yolk-granule4 are embedded. This tissue, 
derived as has been seen, from the macromeres, no longer retains the 
character of distinct celli^.bttt has all the appearance of such a syncytium as 
that presented by the enteric or endodermal mass of the ‘^Aomlous” 
Turbellaria or oertein of the Bhabdocceles. In tfame the food i» digested in 
larger or smaller vacuoles in the syncytium.. In tfae embyro of Eaogone 
fustifira tfae yolk-granules, which take the . place foo^ are simihurly 
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(Contained in vacuoles in the syncytium. This syncytial tissue with its 
contained yolk-granules completely fills the interior of the body and is 
continuous externally with the body-wall; there is at this stage neither 
mesenteron nor coelom. 

The changes which result in the formation of these—the mesenteron and 
coelom—take place in the last stages before the young worms become free. 
In such a late larva (fig. 66) it is found that the syncytium has undergone a 
profound modification.. A cylindrical space has been formed through the 
mass of yolk-containing tissue along the axis of the larva towards the dorsal 
side. This becomes continuous with iho lumen of the stomodseum in front 
and that of the proctodseum behind. 

The most advanced larvae observed have five setigerous segments. 

E^vogone verruyera and B. heierosetosa have the ova arranged exactly as 
E. fnstifera^ in pairs from the 10th or 11th segment backwards. The stages 
in the development are essentially the same, and the oldest fixed larvaj have 
each five setigerous segments. 

In Gruhea quadrioculata the eggs, which are *12 mm. in long diameter, 
are attached dorsallj’' to the surface between the dorsal cirrus and the para- 
podium~a pair on each segment from the 13th or 14th to about the 30th. 
A peculiar feature of this form is that there are invariably two, sometimes 
even three, more or less widely sei>aratcd stages occurring together. The 
arrangement of these is various, but usually all tlie eggs of the same stage 
are grouped together; sometimes, however, there is more or less mixing. 
The means of attachment arc not very obvious; but from the position 
occupied it seems higlily probable that the secretion of the dorsal pedal 
glands performs this function. 

The early stages are not in any noteworthy manner different from the 
corresponding stages of E. fustifera. The early stages of segmentation were 
observed and the formation of the ectodermal cap. A stage was obtained 
in which the ectoderm as a thin, irregular layer encloses an endoderm of 
about a dozen large clearly-defined cells. 

The chief peculiarities wdiich appear in later stages are associated with the 
fact that the embryo, instead of growing straight out, the egg-membraiie 
either disappearing or becoming converted iuto the cuticle, is developed 
flexed dorsally Mutliin the egg-membrane (PI. 18. fig. 68), from which it 
only escapes when the tentacles and the parapodia of the primary segments 
have appeared. 

As in E*vog<yiie^ the development of the embryo proceeds from two 
separate centres—^the dorsal plate and the ventral stomodseal rudiment. The 
former early becomes divided into two by a deep constriction, the anterior 
part forming, the head plate and the posterior the body plate. From the 
latter the germinal bands (PI. 18. fig. 67) grow more directly downwards 
(ventral), in accordance with the destined jSexure. The head, plate extends 
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earlier over ahterior aid of the egg than in Eiogoiu, The 'sieiiiodaBal 
radimeni appears as a ping of cells which becomes extended transversely and 
is cmnected with the dorsal plate by a pair of narrow cords. The ping 
becomes invaginated by a narrow transverse slit which later becomes a de^ 
rounded pit. 

In 6r. kergtieleniis the eggs, which are only half the siae of those of 
G. qmdrmulata ('06 in long diameter), are attached dorsdly, typically 
four on each segment from the 7th to the 17th. The course of the 
development is essentxally the same as in Q. guadnocuhta. 

The peculiar mode of development of Gruhta guadrioeulata and G. ker- 
ptelenna, flexed within the egg, appears to be shared by at least one other 
member of the genus, viz. G. elavata. In comparing the development of 
that species with that of G. pusilla^ De St. Joseph remarics (p. SO) Chez 
la premiere, les embryons se diH-eloppent dans I’cenf snr le dos de la m^re, 
dont ils se separent des qu’ils sent mors en sortant de I'oeuf; ohez la 
deoxi^me ils se ddveloppent sous lo ventre de la m4re et y restent fix^ 
apthi quails sent sortie de I’oenf(p. 80). 

In G. ptuilloidet there are few, not more than five, eggs attached loosely 
to the ventral sur&ce, one on each of the segments from the lltii to the 16th. 
The mode of attachment has not been obseiwed. The embryo is straight; 
the stages of development observed resemble the corresponding stages of 
Eamgane futtifera rather than that of the other species of Grubea, 

In Spluerotyllis hyatrix the eggs are attached to the ventral surface of the 
parent by means of the secretion of the ventral pedal glands (PI. 17. 6g. 30). 
Stnnetimes this secretion, or that of the uet^bonring integumentary glands, 
is poured out so abundantly that it forms an investment for each ovum, and 
this may have embedded in it nnmerous 'minnte gritty particles which render 
it very opaque; frequently this investment is not present, and the egg 
appears quite clear, being enclosed only in the thin vitelline membrane. 

Begarding the mode of attachment of the e^gs in this form, Pierantoni 
states (p. 24.3): “Lostrato di sostanza mneosa'que involge Ptiovo c sottU 
'issimo,'salvo nel pnnto di attacco ove ^ pih spesso e di eonsistenza quasi 
gdatinosa, e prende Taspetto di sottili cordonoini trasparepti ohe corrono 
dair novo alia parete ei^rna del corpo delP antmale, intorno at pnnto di 
immedido oontotto.-* 

Ip addition to the delicate filaments r^Nved tp in tlm above quotation, 
certain oflier structures become visible in tbe soppofting plug ot etalfc, when 
seeflbns d it are stained witii eosin (PI. 18. fig. 47). ^ese are a serim of 
rod»l!ke bodies arranged quitp regularly parallel with tme anoiiher and at 
right angles to the surface of worm. These must be formed foom the 
eodnophlkras gtmnules which, as already pointed out in the pairi of this paper 
deaflng with tto nrtegumeataryglands, fortnsa part«l tiis. seorotlon of the 
ventral paid glaidt ia.this spedes. 
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My preparations quite definitely contradict Pierantoiii's account of the 
early stages in one point. One set consists of a 4.celled stage in which the 
cells are quite equal and symmetrical with the nuclei approximated towards 
the animal pole evidently in preparation for the formation of the first four 
micromeres, as in the other Eieoycntecp and in the Polycbajta in general. Later 
atages observed also correspond quite closely with those of Exogme. 


SrMMARY. 

The following are the most important of the results embodied in this 
paper.:— 

1. Descriptions and determinations of Australian species of Exoffonete. 

2. Demonstration of the role of the pedal glands in producing the secretion 
by means of wbicli the ova are attached after extrusion. 

3. Description of the proventriculus with its nou^striated musclo-colcnnns 5 
and of hitherto undescribed glands—^the proventricular glands^the ducts of 
which open into it. 

4. The following out of the changes undergone in Exogoiie by the nephridia 
in both sexes associated with the development of the sexual'elements. 

5. The hermaphrodite condition in Grtthea pusillmdes. 

G. Description of stages of the development not previously iuvestiguted. 
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EXPI^ANATION OF THE PLATES. 

LfCTTEUING. 


ac. 

aciculum. i 

ne. 

nophridium. 

an.c* 

anal cirrus. j 

n,p. 

nephridiopore. 


anterior pro-ventricular glands. 

ov. 

ovum. 

A 

rhabdite glands. | 

P- 

pharynx. 

r. 

caeca. 

Pd* 

pharyngeal glands. 

c/. 

ciliated funnel. 1 

p.p. 

phaiyngeal papillie. 

c.g. 

ciliated groove. ! 

p,r. 

proctodaeum. 

C.f/I. 

circular muscles. I 

pv.m. 

protractor muscles of proboscis. 

oil. 

cuticle. 1 

p,r. 

pro ventric ulus. 

d,c. 

dorsal cirri. j 

/‘.W.C. 

radial muscle-columns. 

dpg. 

dorsal pedal gland. ! 

so. 

somites. 

dpi. 

dorsal plate of embiy'o. ; 

S.S. 

setigerouB sac. 

ep. 

epithelium. > 


stomodaeum. 

/. 

funnel. 

t. 

pharyngeal tooth. 

^.A 

germinal bauds. 

t\c. 

ventral cirrus. 

2. 

intestine. 


ventral pedal gland. 

i.gL 

integumsntaiy glands. 

V,P. 

ventral vessel. 

the. 

ventral nerve-cord. 

V* 

yellow gland. 


All the figures from drawings by the author. 


Plate 17, 

Fig. 1. Rvogme ftMtiftra. Anterior region, dorsal view, magnified, with outline of 
alimentary canal, etc. 

2, E,fu4tifera. Dorsal view of para|)odiuni. xl040. 
fi. E, fmtifera* Samples of compound setee. 

4. E.fmtifera, Most dorsal seta, ordinary form, 
fi. E.fmt%fera, Most dorsal seta, form with appendage. 

6 . E. fuitijera* Most ventral seta, strongly bidentate fom. x 1040. 

7. E, verrugera. Anterior region* 

8 . E. mrrHgera^ Second compound seta, x 1040. 

9. E. verrugera. Most ventrad, simple seta. X1040. 

Figs. 10a & 10 A E. vemigera. End of ociculum. X 1040. 

Fig. 11. E, heteroneiona. Head end, X440. 

fig. 12. E, heterosetosa. Most dorsal, simple seta, x 1040. 

Figs. 13 & 14. E, heterowtosa. First (most dorsal) compound seta, two varieties. 

Figs. 15,16,17. E. hetewietosa. Ordinary compound seta. 

Fig. 18. Gruhea kerguekHms. Anterior end. x 440. 

19. O.herguBkniii. Most dorsal, simple seta, x 1040. 

20. 6r. keryutImsU. Compound seta. 

21. Q, quadriocufata. Anterior region, x 440. 

Figs. 22 k 23. O, qmdnaeul(da. End of aciculum. 

Figs. 24 & 25. Q. qmdiioeulata. Compound setae. 

Fig.26. G,gmdrio€ukda^ Parapodium and cirri, ventral view. x440. All the compound 
setae are not r^resented, 

27* O.pwniloidei. Dorsal view of anterior region, x300. Only one of the two 
rhabdite glands in each parapodium is represented. 

28. Parapodium from ^ dorsal side, x 1040. 

29. ttetioa of oim of the groups of graitulerprodueing glands of x800. 
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Fig. 90. S^hiBroiyUU hy9k%%\ $ • Outliiies of toftotTOiie >86otio]t showing the position of 
the ventral pedsl glands. x900. 

*31. Exogone fustifera. Outlines provsntrlculus from stained and cleared 
specimen,, showing the antmior proventricular glands and thidr ducts. X 440. 

Pjdatr 20. 

Fig. 39. Sjphmr^^fUk Anterior region from tlie dorsal side* X 240. Setie (miy 

TeprsMMDted on one side. 

33. S.hy9irixi Pawpodhun and cirri. x440. 

84. S, hy^rix. First (most dorsal) compound seta, x 10^. 

35. SL kydrix. Anal cirri. 

36. RvogoM verruyera. Ventral view of a portion of a stained and cleared specimen 

of a female with early ova, to show the ventral pedal gkind with its mass of 
secretion. 

37. E, Plorisontal section of proventriculuSi showing ducts of interior 

proventricular glands. 

38. E,/u$t^ent, Sagittal section in the re^on of the junction of ^e pharynx and 

proventricttlus, showing anterior proventiicnlar glands and ducta 

39. E» futdifm'a. Musete-colnmns as seen in horisontal sections of rire lateral widl of 

the proventriouius. 

40. E,fudifera, Transverse section through outer ends of muscle-columns as seen in 

horisontal series. 

Figs. 41 & 42. E. fwtiftra. Corresponding parts of two successive longitudinal (hori¬ 
sontal) sections ot a male specimen showing a nephridium at the point where it 
opens on the exteriori with the hifuroation of the main duet to form two loops. 
X440. 

Fig. 43. EfwHfera, General view of nephri^m yim teiris at an eariter stage tlian that 
represented in Figs. 41 and 42. From a atained aad cleared speeimen. x 1040. 
44. E./^tifera, Segment of a male sperimeu in whhdi riie sephridia plug testes are 
far advanced in development, hut have aet yet begun to uidte mesially. As in 
the feQowiag figure, the setis axe met^ Uidleatad; 

46. E, fddiftra, Semi-diagramm^e view of a segment of a^ripe male with the 
median vesicle surrounded by a toast of sperms. 

46. SpharotylUt 4ysti*tar. VenWal view left portioa of a segment with young 
ovum enclosed in its follirie (gej^dium) and the venttal pedal ghind vrith the 
mass of secretion by means of whbh t&s egg becomes atlsdied alter it has been 
discharged. 

, 47. S, \y§trix. From a seetkm peering through the point of attadiment of an embryo 
(os.) to the ventral surface with the ^ug of eeevelioB 1^ means of which the 
attachment is maintained. X4I0. ^ 

AU the figures xe&r to 

Fig. 48. Ventral view of two segments of Ismale with'early ova. From stained and detred 
ipecfanen. x 440. 

49. View d a se^ent of a female in whidi the two evisaes faephri&i) hnv# heseUM 
ftMMritegether across the mld^ Bhewe dan die pcriliQBe d dm venC^ 

pedal gisods and ^le sone of Indagumeiitaxy ghmds: x 440. 

' 60b fiigmesd of a tomile with the two oyu^fa%giowii lying side by side hi the 
common fdlicle or nephiidle^ x44Ch 

61. Segmed* of a lnnslo wlth fihe two ova lyh^ cam b JRmm 

sthhiia^arildeaiea i g)i x#40. 
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THE EXOGONBiE. 

Fig. 52. Stage in the epiboly in which the four original cells (macromeres) still maintain 
their individuality: the nuclei of these are marked with small crosses, x 440. 
53. Lateral view of embryo with dorsal plate and stomodseal rudiment, before the 
appearance of the germinal bands. 

64. Lateral view of an embryo at a somewhat later stage than that represented in 
fig. 53, with the pair of narrow bunds running from the stomodmal rudiment to 
the apical plate. 

55. Ventral view of an embryo of about the same stage as that represented in fig. 54, 

but with the stomodssal rudiment more extended laterally and the germinal 
bands beginning to appear. 

56. Lateral view of a similar stage to that represented in fig. 55. 

57. Lateral view of a somewhat more advanced stage with the dorsal plate extending 

forwards nearly to the free end. 

All the figures, except 67 and 08, refer to Kvogone ftutifera. 

Fig. 58. Ventral view of an embryo at the stage in which the germinal bands meet 
posteriorly: the stomodmal rudiment, transversely elongated and connected with 
the dorsal shield by a pair of narrow strands, is not yet definitely invaginated. 
X440. 

59. Transverse section of embryo at about the stage represented in fig. 58. x 440. 

so. here points to the germinal band. 

60. '\'’entrai view of an embryo with the stomodseal invagination completed, the 

germinal bands well established, meeting behind to surround a proctodmal area. 
X440. 

61. Lateral view of the embryo represented in fig. 00. x 440. 

62. Ventral view of embryo in which the germinal bands have become segmented and 

the stomodsBum, destined to become the pharynx, has given off an offset which 
will develop into the proventriculus. x 440. 

63. [lorizontal section of stage similar to that represented in fig. 02. x 1000, 

64. Stage of tho first appearance of the tentacles, x 440. 

65. Stage with well developed prostomial tentacles and without rudiments of the 

parapodia. x 440. 

66. Horizontal section of advanced embryo with fiv« segme nts and parapodia with 

setas. X 440. 

67. Qruhea kerguaiensts. Stained and cleared early embryo, viewed somewhat obliquely 

from the ventral side. The dorsal plate deeply constricted into head plate and 
body plate, and the latter giving off ventrally the germinal bands, x 440. 

68. Gruhea quadriocuiafa. Late embryo stained and cleared: outline, to show the 

ventral curvature. X 300. 
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Spolia Ritxiana. —IV, Notes on the Abundance of some Common Marine 
Animals and a preliminary Quantitative Survey of their Occurrence. 
By W. A. Herdman, D.Sc., LL.D., For.Sec.ll.S,, F.L.S., Professor 
of Ooeanograpliy in the University ot Liverpool. 

(With 8 Text-figures.) 

[Head 11th December, 1919.] 

For many years I have taken any opportunities that oBFered, both on dredg¬ 
ing expeditions in the ^ Runa ’ and also when tramping the sea-shores of 
varioue parts of the world, of making observations on the abundance and 
mode of occurrence of the common marine animals and plants. Two years 
ago I brought before the Society some statistics and conclusions ns to the 
occurrence and distribution of the commoner planktonic organisms, Diatoms 
and Copepoda, throughout the year in the Irish Sea with the object of 
showing that the supply of such food-matters to our plankton-eating fishes 
depends upon a surprishigly small number of species which are present in 
enormous ahundance. Some half-dozen kinds of Diatoms and about the 
same number of Copepoda are the all-important organisms upon which our 
fate depends so far as concerns our food from the sea. I desire now to place 
on record some notes as to the occurrence of a few of the commoner fixed or 
sedentary bottom-living animals of the sea-shore or shallow-water—animals 
which are also, like the plankton, of great practical importance in nature as 
the chief food of some of our most valuable fishes. 

Our knowledge of the number of animals living in different regions of the 
sea is for the most part relative only. We know that one haul of the dredge 
is larger than another, or that one locality seems richer than another, but we 
have very little information as to the actual numbers of any kind of animal 
per square foot or per acre in the sea t* Some years ago Hensen attempted 
to estimate the number of food-fishes in the North Sea from the number of 
their eggs caught in a comparatively small series of hauls of the tow-net, but 
the data were probably quite insulficieiit and the conclusions may be 
erroneous. It is an interesting speculation to which we cannot attach any 
economic importance. 

All biologists must agree that to determine even approximately the number 
of individuals of any particular species living in a known area is a contri¬ 
bution to knowledge which may be of great economic value in the case ot 
the edible fishes; but it may be doubted whether Hensen's methods, even 

e Spolia Runiana—Ill.,” Joum. Lina. Sckj., Zool. xxxiv. p. 95 (1918). 
t Pfofessoz McIntosh, in his book * The Resources of the Sea ’ (1899), gives a vivid picture 
of the ahundanoe of life of all kinds in the sea, but does not venture upon any numerical 
esUiDatea 
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with greatly increased data, will ever give ns the required information. 
Petersen’s method, o£ setting free marked plaice and then assnmihg that the 
proportion of these re>canght is to the total number marked as the fishermen's 
catch in the same district is to the total population, will only hold good in 
circumscribed areas where there is practically no migration and 'whore the fish 
are fairly evenly distributed. 

It is difficult to imagine any method which will enable us to estimate any 
such case as, say, the number of plaice in the North Sea*, where the individuals 
are so far beyond onr direct observation and are liable to change their 
positions at any moment. But a beginning can be made on more accessible 
ground with more sedentary animals, and that is what I have been attempting 
to do. Dr. 0. G. Job. Petersen, of the Danish Biological Station, has for 
some years been pursuing the subject in a series of interesting Reports on 
the “ Evaluation of the Sea ” f . He uses a bottom-sampler or grab, which 
can be lowered down open and then closed on the bottom so as to bring up 
a sample square foot or square metre (or in deep water one-tenth of a square 
metre) of the sand or mud and its inhabitants. With this apparatus, 
modified in size and weight for difierent depths and bottoms, Petersen and 
his fellow-workers have made a very thorough examination of the Danish 
waters, and especially of the Kattegat and the Limf jord, have described a 
series of “ animal communities ” characteristic of different zones and regions 
of shallow water, and have arrived at certain numerical results as to the 
quantity of animals in the Kattegat expressed in tons^such as .5000 tons of 
plaice requiring as food 50,000 tons of “ueefid apimals” (Mollnsca and 
Polyebfet worms), and 25,000 tons of starfish using up 200,000 tons of 
useful animals which might otherwise serve as food for fishes; and the 
dependence of all these animals erectly or indirectly upon- the great beds of 
Zostera, which make up 24,000,000 tons in the -Kattegat. Such estimates 
are obviously of great biological interest, and, even if only rough approxi¬ 
mations, are a valuable contribution to onr nnderstanding of the nietatolism 
of the sea and of the fNossibility of increasing the yield of local fisheries. 

Bnt on studying Hiese Danish results in the light of what we know of our 
own marine fauna, although none of oar seas have been mmmined in the same 
detail by the bottom-sampler method, it seems pr^ble that the 
communities as defined by Petersen .are not applicable on our ooasts, and 
that the estimates of relative and absolute abundance may be very different 

• B^teke, however, has attempted to eBtiiBKtv<i^ adult plaioe at IGOO of 

whu^ 600 a^ems are caught annually. ' 

t See' Repwts of the Dsaish Bologicel Ststioa,' sad ei^edsUy the Beport ibr 1918,«the 
Sea Bottom and its produoffba of Fish Food.” ^oftseoie L. tonVao and Gudrla-Ghmivet 
have puhli^md a Series of papeSi, enlatled ** Oliragente de Mollnaqttes oomsetiblee dee Cdtee 
de Frimee* (IhiQ. Mua Ocean. MoUteo, from 1900 mtwa^}, eurveyfi^ the ^dadlrfieh. hede 
wri fldwies» but giving no esfiamtbs of auaibeiai pr es w t.’. 
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in different seas under different conditions. The work will have to be done 
in each great area, such as the NoHh Sea, the English Channel^ and the 
Irish Sea, independently. This is a necessary investigation, both biological 
and physical, which lies before the oceanographers of the future, upon the 
results of which a rational conservation and exploitation of our national sea- 
fisheries may depend. 

My own contributions to the subject so far deal only with the shore and 
shallow-water animals of the littoral and the top of the Laminarian zone, 
and I shall give here merely a few examples from different groups of animals 
and plants, and from different localities, mainly to demonstrate the enormous 
abundance of some of the commonest, and therefore the most important, of 
the animals and plants on what are sometimes called our “barren’^ sea¬ 
shores. I shall first take the cases of a worm, a crustacean, a inoliusc, and 
an ascidian—all forms that are free-swdniining when young but fixed in the 
adult condition, and all of value as food of marketable fishes. 

Sabellauia. 

The gregarious Polycluct Annelid Sahellaria alceoluta is present in great 
ubundaiice on many parts of the coast of Nortli-West Europe, generally on 



Fio. h^Sa^iiana alveoUrta, from llilbre Id., nat.size. 


shores where stones or patches of rock crop out in proximity to sand and where 
strong tidal currents disturb the sand and carry tlie suspended grains along 
in quantity* The worms stick the sand-grains together to form the tubes in 
which they live and which adhere to one another so as to build np solid 
masses of a porous, crisp and brittle material, which crumbles to a certain 
extefit when walked upon, but which is constantly being renewed and has 
its inJurSes repaired by the living worms within, and must, therefore, have 
uwity o6nstd4trable effect in eome placee in protecting the rocks or shore 
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generally £rom the erosire action of the sea. On Hilbre Island, in the 
Estuary of the Dee, for example, Sahellaria oevers the soft red triassio 
sandstones with encrusting sheets', rising in places to form massive hummocks 
and outstanding reefs many yards in extent; and the same reef4ike 
formations are to be seen on a still larger scale on the coast of Normandy, 
near Granville, Mount St. Michel Bay, and elsewhere. 

I have measured and counted numbers of samples of these Sabelhma 
tubes, and find that the diameter of the mouth of the tube is generally 
between an eighth and a tenth of an inch. Of course, there are also smaller 
ones, those of the young worms in the mass, and a few larger, but a fair 
average size is one-tenth of an inch. A photograph (fig. 1) of such a mass 
of Sahellaria tubes shows that in a surface of about three square inches there 
are from 05 to 75 mouths of tubes. Taking 6.5, a square foot would have 
3120 and a srjaaro yard some 28,080 of the worms. Hence, foity square 
ynrds wouhl contain over a million. Now, there are very many square yards 
of SaJiellaria on the shore at such a locality as Hilbre Island, containing,. 
therefore, millions of worms, each from one to two inches in length, and such 
Polyebmt worms are a favourite food of flat-fi.8h like the plaice and sole, and 
cun bo easily obtained by crunching up the brittle 8and-tHl>es. Roughly, 
about half of a mass of Sahellaria tubes consists of sand and the rest is 
formed of the nutritious worms. 

Sahellaria is not found on the shore only, but extends beyond low-water 
mark for some distance. 1 have dredged lumps of it from depths of about 
10 fathoms, off the Lancashire coast, near Fleetwood, and in some places it 
it so abundant at the bottom, and comes up so frequently in the fishermen’s 
nets, that it is familiar to them, and is known by the local irame of “ knarrs.” 
That flat-fish are present on this trawlipg ground is probably due in part to 
the abundance of the SaMUtria masses on the bottom, 

Balaktr. 

The common rook-barnacle. Balanue halancide* is probably the most 
abnndant fixed animal on the rooky shores of Noiil^-Wwt Europe. On 
many sea-cliffs the barnacles form a layer covering practically every inch of 
rock between the tide-marks. Bradda Head at Port Erin is a good example, 
and at low tide, when seen from a distance, it looks as if. a horisontal band 
of whitewash had been painted along the base of the olifip. When examined 
in detidi, it is found that the barnacles—-young and old—form a contianoas 
layer, ronghening the whole surface of the rook and leaving scarcely any 
jsqmtsof stone eximsed. In met, the individual barnacles in many, cases have 
not room to grow to the uorimd size. They are overorou*ded, and by mutual 
pressure are caused to assume verdcally dbagated ^ismaBo forms, like 
columnar lwsalt« A quarter of an inch aqvara is .an aimnijge sue fmf an adnlt 
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Balanus, and there are 2304 square quarter inches in a square foot. But on 
one square foot of rock at Fleshwick Bay, near Port Erin, 2940 barnacles 
were counted (fig. 2). 



¥iq. 2.— Bakmu* hahnoide* on rocks at Port Erin, nat. size. 



Fiu. 3.—Part of a mussel bed at Moreeambe Bay. 

Salatiut must be of value as a food-matter, not only directly if crunched 
up or sucked out of its calcareous covering, but also indirectly through its 
free-swimming larvse. In early spring it sets these free in the Nauplins 
stage in such abundance that the water close to the barnacle zone, or in any 
shore-poeds of the neighbourhood, looks muddy, and when dipped out in a 
glass ya, is seen to be crowded with dense swarms of the minute larvse. 
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They form a consplooous feature of the plmikton for a few weeks in March 
and April, and constitute, no doubt, an important food-matter at this time 
when there are comparatively few Oopepoda available. 

Httilus, 

Probably the edible mussel {Mytilut edulis) is the most abundant mollusc 
in the seas of North-West Europe, and it is certainly the most generally 
useful to man, both directly as a food and as a fisherman's bait and also in¬ 
directly as the food of marketable fishes. Although mussel “ beds,” “ scars,” 
or “ scalps,” as they are variously called, are regularly worked over by the 



Fio. 4.—Mussel “ spat oh sea-vibeda, magtiifled. 


fishermen, they cannot be regarded as in any sense artificial. The mussels 
have settled down and grown upcm. them naturally. ' It is dnly very rarely 
that any transplanting takes place, and there is .nothing in this country 
comparable with the artificial ‘‘boucbfit” system, of mussel culture which 
takes place in the bay of Aiguillon on the west coast of France. 

In a mumel bed (fig. 3) not only are the mussj^s so closely placed as to 
be touching their neighbours all round, so as in some cases to cause distortion 
and prevent proper growth, but they are even piled on the top of one another, 
it may be several layers deep, the interstices below being filled xxp with mud 
and the byssus fibres of the moiluscs in the layers above. 

At the time when the mnssel '*|i|iat ” is settling down from the free- 
swimming larval oo^ditimt, sea-we^ so^i^es, reeks, and ofaleota 
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between tide-marks may become covered with a layerJof the little black dots 
as i{ they had been thickly peppered over (fig>4) ; and in favourable 
localities the young mussels grow in a profusion which may cause their own 
destruction. T have seen the rocks at Hilbrc Island covered with a layer of 
small mussels from a quarter to half an inch in length, which are so closely 
placed as to be absolutely continuous, and to be tightly united to one another 
by matted byssus fibres, while they have little or no attachment to the rock 
beneath, the result being that in the first storm the waves roll up the sheets 
of mussels and wash them ashore on the neighbouring sandy beaches in 
masses as large as pillows and bolsters. 

In such sheets and masses I have counted from 30 to 100 mussels visible 
on the surface of a square inch, and in the case of .slightly older ones from 
5U to 60 (fig, 5). At the rate of 100 there would be about 129,600 in a 



Fio. 5.—Youn{^ iinissels on Lamimria stew, aat. size. 

square yard, and there are vcTy many such square yards around our coast. 
No doubt the majority of these young mussels never grow to maturity. 
They are killed by storms, smothered by their neighbours, or eaten by star¬ 
fishes or by plaice and other fishes. In the latter case they are not lost as 
a food matter, and even in the former their remains will be eaten by some* 
thing which will indirectly feed man. Nothing is lost in the sea, and 
everything ultimately in the metabolic cycle contributes to man's harvest. 

Dr. James Johnstone has estimated * that a Lancashire mussel bed may 
have 16,000 mussels to every square foot, and that the proteid contents of 
the mussel flesh is comparable with that of a lean farm animal, while per 
unit of area the mussel bed produces nearly a hundred times the amount of 
flesh for food that is produced by cultivated land. The sea w^hen cultivated, 


* * Oqu^^oiis of Life in iiie Sea/ Cambridge University Press, 1903. 
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or when populated under favourable conditions as on a mussel scalps seems 
to be more productive than the land *. 

Sttklopsis» 

One of the most densely-covered rock surfaces that I have seen is in the 
large caves near Spanish Head at the south end of the Isle of Man. These 
caves have to be entered by boat at low tide, and are of considerable extent, 
and their walls between tide-marks and as far down as can be seen in the 
clear deep water are covered with an assemblage of animals, consisting of: 
the Tetractinellid sponges Pachtftimtuma johnstoni and SteUetta collinffsi^ 
several species of small white calcareous sponges, lialiehondria pankea^ 
2\ibularia indkisa, Sagartia miniata, and enormous quantities of the small 
red Asoidian Siyelopns gromilaria. The Ascidians cover by far the greater 
part of the rock, and tire so closely placed that their bases are continuous, 
and musses can be peeled off in small sheets (fig. 6). On the average of a 



Fio. 0.—^Two aggn^gatioitft of Stgehgmg grogguktrWf nat. 

number of measuremenis they are three-quarters of an inch in height, and 
there are from 10 to 30 in the square inch according to eixe, over 50,000 to 
the square yard. 

Although Styelopm is not generally supposed to be a common animal, tlie 
numbers present in these caves, and no doubt in many other similar places 
oil rocky shores, must be very large, and must afford a very considerable 
amount of highly nutritious food. In many jiarts of the world Ascidians 
clojsely related to oor Styelopsis (Cyntbiadm) are ]ftsed as food by man. 

Other Common 8hobe Animuu4« 

It may be of interest to add here the results of countings of a few other 
common shore animals, although I shall not discuss them further. Along 

^ As Spenser seems to have kno^n, or more than four hondted jeers ago 

^ O what im eiadlesse wotke.ltaW I in hand, 

To count the seas ahondant pro^y. 

Whose fruitful seedu Am passeth those in land^ 
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with Balanvs on the rocks (fig. 7), the most abundant sholl-fish are Patella 
xuilcfata, Purpxiva lapillus, and several species of Lklontm. Ten counts of 
Patella gave an average of 21) to the square foot, the higliest record being 37. 
Two counts on square feet where Purpura seemed numerous on the limestone 
rocks at Port St, Mar)^ gave 72 and 101 respectively. The method adopted 
in all these cases was to plant a wooden frame measuring one square foot 
internally down on the rock and count or remove all that lay inside it. 

In half-a-dozen small shallow rock-pools on the limestone at Port St. Mary 
the common red anoinones (Arfinia equina) gave respectively 30, 47, 60, 41), 
55, 37 to the sfjuare foot, taking the pools in order from the highest down¬ 
wards towanls low water. The average is over 40, and the range (30 to 00) 






Pig, 7.—Kock surface at Port ICrin cuvered with BaltumSy Patella, &c. 

is not great.—suggesting that such little pools having a surface of about two 
square feet and a depth of a few' inches, and generally lined by Nullipores 
and Corallina, can only support some 40 or 50 anemones each. 

On the sand at Port JErin the most conspicuous marks are the ^‘casts’’ of 
the burrowing worm Avenicola marina (the fishormairs Lug-w'orm ”), and 
from our counts we find ll,b00 w^o^ms in a rectangle measuring 100 yards 
by 30 yards at low tide—that is about four to the square yard ; while a little 
further up the shore, in a square of 10 yards each way, we found 053, or 
6^ worms to the square yard—and this, moreover, on an area where both the 
fidiermen and the visitors were constantly digging the worms for bait. 
Very much larger iniinbers than these—up to 30 or 40 to the square yard— 
have been counted on some beaches, and Ashworth has estimated that at 
Husselbnrgh, in a zone at low* tide about a mile in length, there are from 
3 to 4 million worms 

* L. M. B. C. Memoir xi., Areaicola; 1004. 
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Some Alo^. 

On rocky or stony sliores the most conspicuous organisms after the 
barnacles are the large brown sea-weeds—the various species of Fueut and 
its allies in the littoral zone and those of Lamimria at and below low-water 
mark. At Port Erin and Port St. Mary we have made many counts *, and 
some weighings, of the plants of Fiimt and of Laminaria cut off from 
sample square feet in different regions, and also of the epifanna associated 
with the Algm. Fneus is most variable, ranging from 2 to 352 stalks to the 



Fio. e. —Diagram sLowiag distribution of Lamnuria stidks in one wpiare foot. 'J'he black 
square in centre sbows tbe area they would occupy if placed togetber. 

square foot. Laminaria is more constant; oqr counts range from 6 to 36 ; 
but in a typical area of Zanunana-covered rock, such as on the lower 
limestone reefs at Port St. Mary, the latter figure or am^’thing about 30 
stalks to the square foot is usual. As the stalks are on tbe average half an 
inch in diameter,,this distribution means that they are scattered from 1 to 2 
inches apart over the sqnai'e foot (fig. 8). 

The fronds of the Laminaria i^ringing from' the one stalk may be wide- 
dreading, and anything from 3 to 6 feet in height. Moireover, they may 
suppmi an epifanna and^ epiflora of many molldsos, worms, polysoa, 
faydroids, and smaller Algtii. We have made a number of measurements 

t 1 am hidabted to tme of my studcmui at Port Erin, Miss Catfacriao Msyae, BEc., 
fax iunt^ help with thoM ootmts txA fat a ^es of ^ iUwtiwdDg 

thedennty of distrilmfiqn. 
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and weighings at Port Erin, but the results vary greatly with the amount 
o£ moisture retained by the Algse. The general conclusion, however, is that 
a very large amount of organic food must be present in the region of the 
coarse brown sea-weeds, and especially in the Laminarian zone, and therefore 
it is not surprising that shoals of young fishes are found feeding there. 

ZOSTEBA. 

The “ Grass-wrack (Zostera manna) is a flowering plant allied to the 
sedges, which grows in muddy sand at and below low-water mark. It is 
enormously abundant in certain places, and in the South of Australia I have 
seen banks of it several feet high extending for miles along the sandy 
beach. Petersen says that about 2000 square miles are covered by Zottera 
in Danish seas, that in the Kattegat alone it amounts to 24 million tons, 
and tliat it prednees annually four times as much dry vegetable matter as 
all the hay on the land of Denmark. It is evidently the fundamental plant- 
food for fishes and other animals in the Danish seas, and no doubt it serves 
the same important purpose on a smaller scale in our seas. 

There is a small Zo$tera bed in Port Erin Bay, and three patches at the 
mouth of Port St. Mary Harbour which are just accessible by v'ading at the 
lowest spring-tides, and t^ere are much larger beds elsewhere farther north 
on the shores of the Isle of Man. 

A Zoslera bed always supports a largo fauna or epifauna associated with 
its roots, rhizomes, and leaves. (.Characteristic animals are the anemone 
Anthea cereus (= Anemonia sulcata), various species of Trochvs, LHtorina 
and Lacuna, some nudibranchs, many worms, zoophytes, polyzoa, and 
compound ascidians, especially the transparent Diplosoma. In addition, 
there are delicate filamentous Aigse (Confervm) and enormous masses of 
Diatoms attached to the older withered or decaying leaves. Even after the 
Zostera leaves have decayed and gone to pieces, they contribute to the 
important organic detritus on the bottom, upon which many creeping 
animals on tlie surface of the sand are nourished. Bo that both directly and 
indirectly, through the organisms it attracts and supports, the Zostera bed is 
an important source of food to fishes and to many invertebrates. 

The long blades or leaves, which may extend from 3 to 5 or 6 feet above 
the sand, arise in shoots from a creeping rhizome, and in my counts I find 
from 4 to 6 leaves in a shoot and about 20 shoots in an area of 3 inche.s by 
1 inch—that is, about 1000 shoots in the square foot. The waving forest so 
produced, clothed in turn with many other organisms large and small, is one 
of the densest masses of living food-matter that I know of in the sea. The 
Taloe of the Zoctera bed in nature, both directly from the food that it 
fhrnishes to the animals living on it, and also indirectly from the enormous 
quBnti^ of Diatoms which cover its decaying leaves, is a part of the 
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metabolism or domestic economy of the sea—^the computing of income and 
expenditure so as to find out whether we have a balance to the good, and 
whether the sea could bo made by further cultivation to produce still more 
food for the service of Man. 


Conclusions. 

From these and similar data which can be readily obtained, it is not 
difficult to calculate totals by estimating the number of square yards in areas 
of similar character between tide-marks or in shallow water. And from 
weighings of samples some approximation to the number of tons of available 
food may be computed. But one must not go too far. Let all the figures 
be based upon actual observation. Imagination is necessary in science, but 
in calculating a population of even a very limited area it is best to believe 
only what one can see. 

Countings and weighings, however, do not give us all the information we 
need. It is something to know even approximately the number of millions 
of animals on a mile of shore and the number of millions of tons of possible 
food in a sea-area, but that is not sufficient. All food-fishes are not equally 
nourishing to man, and all plankton and bottom Invertebrata are not equally 
nourishing to a fish. At this point the biologist requires the assistance of 
the physiologist and the biochemist. We want to-know next the value of 
our food matters in proteids, 'carbohydrates, and fats, and the resulting 
calories. Dr. Johnstone, of the Oceanography Departmeut of the University 
of Liverpool, has already shown us how markedly a fat summer herring 
differs in essential constitution from tlie ordinary white fish, such as the cod 
which is almost destitute of fat, as follows:— 



Herritig* 

Cod. 

Proteids .. 

21 

16-7 

Fats . 

22 

0-3 

AeH (+ salt) .. 

9 

1-8 

Water (-f traces) . 

48 

81’? 


Prof. Brandt, at Kiel, Prof. Benjamin Moore, at Port Erin, and others, 
have similarly shown that plankton gatherings may vary greatly in their 
nutrient value according as they are composed mainly of Diatoms, of Dino- 
fiagellates, or of Copepods; and Prof. Moore has kindly analysed for me, 
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recently, samples of zoo-plankton {Calanvs) and phyto-plankton (Diatoms) 
which I had collected in the Irish Sea for the purpose and transferred in the 
living condition into absolute alcohol. His results are as follows * :— 



Proteids. 

i 

Carbohydrates Fats 

(by difference). (+pigmoiit). 

Ash. 

Phyto-plankton 1 
(Vhatoceroa).,. | 

31-6 

1 

29-7 

24-2 

i 14*0 

1 

Zoo-plankton .. 1 
(Calanui) ,... f 


18-2 

' 17-6 

1 

11-1 


And, no doubt, the animals of the benthos—the common invertebrates of our 
shores—will show similar differences in analysis f. It is obvious that some 
contain more solid flesh, others more water, in their tissues, others more 
calcareous matter in the exoskeleton, and that therefore weight for weight 
we may be sure that some are more nutritious than the others ; and this is 
probably at least one cause of that preference we see in some of our bottom- 
feeding fish for certain kinds of food, such as Polychset worms, in which 
there is relatively little waste, and thin-shelled Lamellibranch Molluscs, such 
as young mussels, which have a highly nutrient body in a comparatively thin 
and brittle shell. 

I am aware that I am presenting a somewhat incom|dete investigation, but 
my object is to direct attention to what seems an obvious and useful exten¬ 
sion of fauiiistic work, for the purpose of obtaining some approximation to a 
quantitative estimate of the more imporhint animals of our shores and 
shallow water and their relative values as either the immediate or the 
ultimate food of marketable fishes. 

* These figures difier somewhat from those given by Brandt, and this may possibly be 
due to differences between these types of plankton at Kiel and in the Irish Sea—which raises 
the interesting question whether the same organism may have different nutritive values 
under different hydrographic conditions. 

t Moore and others have made analyses of the protein, fat, &c., iu the soft parts of 
Sponge, Ascidian, Aplyiia^ Fumw, Fehmus, and Cancer at Fort Erin, and find considerable 
differences—the protein ranging for example from 8 to t*l per cent and the fat from 
2 to 14 per cent (see Blo-Chemi^ Joum. vi. p. 
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1. Jntrod^ictory^ 

The following investigation into the gametogenesis, fertilization, and early 
development of a common British sponge, Grantia compresm^ constitutes the 
opening of a new field of research in sponge-iembryology, for the new 
methods of cytology have been used with fruitful results, and for the first 
time. 

Quite recently Professor Arthur Dendy has published a paper in tlie 
‘Quarterly Journal of Microscopical Science^ on “The Grainetogenesis of 
Grantia eompretsa*^ in which he has described many interesting facts. 
Only such problems as those not treated by Professor Dendy have been dealt 
with here : for a long description of the nuclear phenomena in the germ-cell 
cycle of a Sycon, Jorgensen^s paper (8 a) may be consulted. 

In this paper I am able to announce a remarkable discovery in the early 
stages of conjugation of the gametes in Grantia eompressa and Spcon nliatnm. 

This work was partly carried out at Oxford in Professor Wherrington’s 
laboratory, but mainly at University Oollege, London. 

iSome lime was also spent ut King^s Oollege, Strand, London, in going 
through some of Professor Dendy's preparations. It is a pleasure for me to 
acknowledge the great help I ^ve derived from various discussions with 
Professor Dendy, who has carried out sutdi valuable investigations on the 
Podfera. Professor Dendy has followed with much interest this application 
of the modern technique to sponge-embryology. 

2. General Statement of the Problems investigated. 

It is a well-known fact that die amphiblastula larvs^ of the Syconidse are 
formed mainly of two sorts of cells—^fiagellatecLand granular. According to 
previous investigations, the cytoplasm in the two sorts of cells is of different 
quality; it was to examine 4his phenomenon that the present work was 
undertaken. It was necessary to see whether, during cleavage, there was a 
special si^regation in any blastoineres of granules or organ^forining sub¬ 
stances such as occurs in Ascidk (1). In addition, it was planned to study 
the fate of the middle«piece of the spermstoaoolu during fertUixation. As is 
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now well known, some w^orkers claim that the middle-piece of the animal 
sperm breaks up during fertilization, and growing in the egg-cytoplasm 
takes part in the phenomenon of amphimixis. 

En passant^ I examined the various statements witfi regard to the origin 
of the germ-cells in sponges. Dendy (2), in his late paper, supports 
Haeckers view that the germ-cells are formed from metamorphosed collar- 
cells, a view which is strenuously opposed by the Neo-Weismannians. As 
the work progressed, I found that two well-known spongologists, Jorgensen 
and Gdrich, had made an extraordinary misinterpretation of the early stages 
in fertilization. This paper gives the first account of the peculiar fertiliza¬ 
tion of the sponge and of the spermatogenesis of a marine sponge. 

3. Previous M^ork. 

There is no previous work on Grantia {S^con) executed by any observer 
acquainted with modern interpretation as to the bodies in the cell. There 
are, however, several papers by earlier authors which are important; I refer 
to those of Gdrich (6), Jorgensen (8a), Maas (10), and Dendy (2). Jan 
Hirschler (8) has examined the collar-cells of Spomjllla^ while various other 
authors have written papers on the development and larvm. The papers of 
Gdrich and Jorgensen are reviewed by Dendy (2), and will only be mentioned 
in the text when necessary. 

Maas (10) in Sycandra raphattus describes the maturation and fertilization. 
The sperm penetrates the egg before the formation of the second polar body. 
With regard to the entry of the sperm, he says: ‘‘Der Spermakern zeigt 
sich heim Eintritt hestehend aus einer einzigen dichten (^^hroma tin masse von 
Bohnenform und miietn dahinter liegenden stark lichthrechenden Kdrper, 
beides umgeben von Zone verdichteteii Plasmas mit sehr intensiver radiarer 
Strahluiig.” The ‘‘ stark lichthrechenden Kdrper ** is the “ ('hromidiiim ” 
of Jorgensen. The two pronuclei come to lie in the central region of the 
ovum, chromosopies appear in each, and the first segmentation-spindle is 
formed. Jan Hirschler (8) describes briefly the Golgi body in the flagellated 
cells of Spongilla. It lies beneath the collar, is spherical, and resembles that 
of the central capsule (idiozome) in many metazoan germ-cells. This author 
also notes small granules of mitochondrial nature. He deseril)es no stages 
in gametogenesis or development. Dendy (2), in a late paper, describes the 
gainetogenesis of Grantia cotnpressa. He adopts Haeckel’s (7) idea that 
collar-cells can metamorphose into genn-eells. He describes oogenesis in 
detail, deriving oogonia from collar-cells, ‘Svhich accumulate reserve material, 
enlarge, withdraw their collars and flagella, become amoeboid and wander 
into the mesoglea, re*^ntering the chambers before dividing initotically into 
oogonia of the second generation.^’ Dendy finds “ obromidia ” in the oocyte 
C^plastn, which he thinks are formed by a “ process of extensive chromidium- 

. 20 * 
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formation by extrusion of chromatin from the nucleolus into the cytopiasm*” 
Dendy^s “ chromidia ” are the mitochondria ; so far as I can make out, Dendy 
does not describe or figure true yolk, nor has any other author done so, 

Dendy shows that during oogenesis young oocytes engulf entire cells, 
which are brought to them by special carrier (nurse) cells. This f^rocess is 
very peculiar, and, so far as I can remember, unique in the Animal Kingdom. 
Dendy also describes a remarkable process in which the nucleolus becomes 
squeezed out to form lumps, which are extruded into the cytoplasm, and 
from these lumps he considers the chromidia are formed. 

In his plate 24, figure 52, he gives a drawing of what we now know to be 
the fertilization. Dendy tacitly accepted Jorgensen’s interpretation of these 
stages, bat did not make a specia^ study of development later than the full- 
grown oocyte. 

Dendy’s account of the origin of germ-cells from collar-cells has not met 
with any sort of general acceptance, principally because English zoologists 
have allowed themselves to be influenced by Weisinann’s germ-plasm theory 
in an uncompromising form. More will be said of this matter later on. It 
is merely necessary to add that the other view about the origin of the germ- 
cells in sponges derives them from wandering athceboid cells of the meso- 
glen, and the wandering amoeboid cells are themselves derived during early 
larval life from posterior granular cells or archseocytes (Minchin, 9). 

Both Jorgensen and Dendy describe a process whereby a part of one of 
tbe proiiuclei occasionally becomes separated, and lies in the cytoplasm as 
an accessory sejiarato nucleus, or “ karyomere.*' Such a phenomenon does 
not happen, according to iny own observation, in healthy cells, and I consider 
that the ‘‘karyoineres ” are possibly accessory sperin-pronuclei, and that 
such a cell as drawn by Dendy in bis pi. 26, fig. 95, is a case’of polyspermy. 

Subsequently to the writing of the above, I have seen many of Professor 
Dendy’s preparations showing young oocytes engulfing other cells (see (2) 
pi. 24. figs. 50 & 51), and have found similar stages in my own slides. I 
accept fully this part of Professor Dendy’s account, and draw attention here 
to Ihe extraordinary character of this phenomenon. The oocyte of (rrantia 
is a veritable phagocyte, and markedly amoeboid and peripatetic. 

4. Afo^mal and M^hods* 

13ie sponges used for this research were procured from the Plymouth 
Biological Station during the months of July ^tid August, 1919 ; the species 
used was Qrcmtia compreitm, sometimes known as Speon compresmm. Special 
fixatives with directions for use were sent to Plymouth, and the specimens 
were preserved there. I have to tliank Dn Allen, F.R.S., for seeing that 
my directions were carried out. For some reason or other many of the 
. faeces of sponge showed signs of having died of asphyxiation, atidt though 
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the methods used tire the best known to modern cytology, I cannot say that 
my material was, as a whole, completely satisfactory ; I can only assume that 
some o£ the sponges were not transferred to the fixatives quickly enough after 
their collection. For this reason I have been somewhat handicapped, and 
liave had a certain measure of difficulty in working out part of my results ; 
nevertlieless, among the large numbers of slides jirepared some perfect 
examples were procured. 

The methods which gave the best results, and which future workers may 
use with confidence, are as follows: (1) (Jhampy-Kull ; (2) Hermann—or 
Flemming—without acetic acid followed by two or three days’ mordanting in 
3 percent. K 20 r 207 ; (3) Kopsch’s original method. For these techniques 
see my late paper (4). In addition, I tried the method of Cajal and used 
glycogen techniques. I had access to Professor E. S. Goodrich^s formol- 
Flcmming material of Sycon nliatum^ and at a late stage of this work to 
Professor Dendy’s slides. I also had at my disposal the sponge collections 
at Oxford, and at University ('ollege, London. I have therefore based my 
remarks and figures on a very extensive collection. On my Plates the 
collar-cells are drawn from some very successful Kopsch preparations. * 

5. General Account of the Development of a Sycon^ up to the Foi^nation of the 
Free^-mimming Amphihlastula Larva. 

The ovum undergoes total and regular cleavage, resulting in the formation 
of a hollow blustula .lying beneath the collar epithelium, PI. 21. figs. 19, 20, 
22, and 21. 

For some time the walls of the blastula are formed of cells, which are 
subequal in size and general appearance (PI. 21. fig. 21). 

Subsequently one hemisphere of the blastula, generally that which lies 
immediiitely beneath the nearest gastral cavity, and touching the collar 
epithelium, becomes modified to form a regular epithelium of deep cells, 
with small dense nuclei like those of the eboanocytes ; flagella soon appear 
on these cells. 

The other hemisphere, generally that which lies away from the epithelium 
of the gastral cavity, and in contact with the inesoglea, becomes changed 
very little, its cells dividing less rapidly and remaining clearer and larger. 
Examined fresh, much pigmented yolk is seen to repose in the former 
(fl^agellated) cells, while such granules of yolk are less evident in the latter 
(granular) cells. According to the late Professor Minchin (9), the free- 
swimming larva contains three cell-elements, columnar flagellated cells at 
the anterior pole, rounded non-flagellated cells at the posterior pole, and a 
central mass of granular amoRbocytes.’^ In all probability the latter are 
derived Irom the flagellated cells by a process of immigration inwards into 
the reduced blastccoel. 
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6. The Structure of the Amphiblastula Larva. 

The amphiblastula larvsB of Grantia compresta develop under the 
flagellated oollar-epifchelium, and are partially or wholly surrounded by a 
capsule of nutrient squamous cells. In PI. S3, figs. 28 and 32 the capsule 
is marked LGO ; at first I believed that the capsule was really part of the 
larva—that is embryonic tissue—but Professor Dendy kindly pointed out its 
true nature; this partly investing membrane is formed of maternal cells, 
and when the larva breaks forth from the sponge^ the capsule is left behind. 
The subject of this nutrient capsule will be dealt with below. 

When the larva, after having become free, is examined alive, it will l:>e 
noted that the histocytes or flagellated cells, while being clear at their outer 
extremities, contain in their inner ends abutting against the blastocoel, a 
large number of brownish-yellow yolk-spheres : in other species of sponge- 
larvae, the colour of the yolk may he much brighter. In the fresh, the 
archeocytes or posterior granular cells are found to contain fewer yolk- 
spheres, or at least they are not grouped in such a way as to form a 
conspicuous coloured band as in the flagellated cells. 

Now if the sponge is fixed in Ohampy^s chrome-osmium mixture, and 
treated as elsewhere described (4) by the Champy-Kull method, in the 
embryos true yolk is greenish-brown, mitochondria are rad, and nuclear 
substance is bluish-green. Moreover, by the Flemming-without-acetic 
acid and Iron flsematoxylin method, the yolk is greenish4>rown, the 
mitochondria are black. By Altmann^s method, yolk is greenish-brown and 
mitochondria red. 

As is well known, if one fixes the sponge in highly coagulative fluids such 
as alcohol, corrosive acetic or Bouin^s fluid, the posterior granular cells 
become more chromophile and gi^nular on staining than the flagellated 
hystocytes. 

Nevertheless, I cannot say that this more marked granulation in the 
posterior cells is traceable to a greater' content in the latter of either 
mitochondrial or yolk spheres. On the contrary, most of the granular cells 
contain fewer granules of yolk ,or mitochondria than the histocytes. This 
can be seen on examining FI. S3, figs. 28 and 32. 

Some amphiblastulse embryos prepared in alcohol and stained in carmine 
showed the posterior or lower cells mudh denser and chromophile than the 
flagellated cells, while yolk and mitochondi^a were absent or, at the best, 
hardly observable. I trace the diflerence Jn"* quality of the granular and 
flagellated cells not to their confined granules, but to certain differences in 
the ground-cytoplasm, w^iich in the granular cells is coarser and more 
chromophile on fixation in atoobpt-«cetic-corrosive liquids. 

The cytoplasm of the granular cells is extremely oi^yphile, nuclei are 
amphophile and contain a true plasthosoine | in iodine^the granular cells go 
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much darker than the flagellated cells. The nuclei of the flagellated cells 
are busophile and the cytoplasm only faintly oxyphile. The mitochondria of 
the ainphiblastula larva are not pigmented in the fresh state. In PI. 23. 
fig. 31 is drawn at a liiglier magniiication a posterior granular cell. In this 
there are both yolk and mitochondrial spheres (Y and M) and also probably 
Golgi elements (QX) ; the nuclei of these cells are most characteristic, being 
large, j)ale, and with an open reticulum, liy the chrome-osmium method of 
fixation, the grouiul-cytopiasm of these cells is quite smooth and fine. 

The minute stru(3ture, of the flagellated cell is interesting, for the yolk- 
granules are aggregated into a special group beneath the nucleus and at the 
inner pole of the cell, as in PI. 23. fig. 33, Y ; tlie mitochondrial granules 
also lie nearly in the same region. On the y)eriphery of the flagellated cells 
are found certain enigmatic grannies whose histochemical reactions are 
unlike those of either yolk or mitochondria ; these fine granules are marked 
OG ill PI. 23. fig. 33. 

The nucleus is formed of a dense basophil matrix in which a nucleolus is 
visible. On the outer aide of the nucleus is u coarse granule from which 
originates the flagellum. This coarse granule is apparently the Golgi 
uppuruius, which surrounds the centrosoine (see GA in PI. 23. fig. 33). 

Lying inside* the small blastoead are found a few small amceboid cells, which 
have a nucleus like that of the flagellated cell ; the cytoplasm of these cells is 
crammed with mitochoudriaj in PI. 23. figs. 28 and 32 such cells are marked 
GAM, and in PI. 23. tig. 30 one of these cells is drawn at a higher power. 
I could not find any yolk-granules in these cells—only mitochondria. 

Apart from these three cell-constituents, the sponge larva, while still in 
slfn within the maternal tissues, is found to be invested by a cell-capsule, as 
in PI. 23. fig. 32 at LGO ; these cells are seen to contain a large number of 
iiiitocbondria of somewhat irregular shape; in imperfect preparations this 
laver early peels oft’ from the posterior granular cells. In PI. 23. fig. 29 one 
of these capsule-cells is drawn at a higher power. They contain mainly 
mitochondria, but no certain yolk-spheres. 

So far as I Ciin understand, the capsule around the Grantia larva is formed 
just after the period of differentiation of the flagellated hemisphere, from 
amoeboid elements of the mesoglea. The matter, however, is far from being 
settled. There is one point to which 1 must draw attention : the maternal 
nutrient capsule often simply surrounds the cells of the posterior pole of the 
larva as in PI. 23. fig. 32, but in other cases the maternal cells partly tend 
to penetrate between and well into the granular posterior cells as in 
PI. 23. fig. 28 at LGC. This matter will be further investigated by me. 
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7. The Minute Cytology of the Gcutral Ejnthelial or 
Collar Cell of Grantia. 

Hirschler (8) was tbe first to show the presence of a typical Golgi 
apparatus in the collar cell of a sponge (Spongilla). Unfortunately this able 
observer did not push his work very far, and we do not know iu l^oongilla 
in what way the Golgi apparatus is related to the centrosoilie or flagellum. 
The technique in'dicated for work on the Golgi apparatus of sponges is tkat 
of Kopsch (4) ; pieces of sponge are left for two weeks in 2 per cent. O8O4 
and then washed, dehydrated, and embedded in hard wax. The sections are 
cut as thinly as possible and may bo treated in turpentine to clear them 
somewhat—five minutes is long enough for thin sections. In Grantia such 
preparations show the Golgi apparatus in the collar-oells in the same position 
as indicated by Hirsohler for Spongilla. PI. 19. figs. 1, 2, 3, and 4 are drawn 
from preparations of collar-cells, to show their minute structure. In PI. 19. 
fig. 3 is a group of cells fixed in Hermann-without-acetic acid, mordanted 
in KjOrjO; and stained in either Iron Hsematoxylin or Altmann. The 
granules contained in these cells are, I believe, the true mitochondria. 
Hirschler (8) figures such tine mitochondrial granules in Spongilla, and I 
think there can be no doubt as to the presence of mitochondria in the flagel¬ 
lated cells of Grantia. 

In PI. 19. fig. 2 is drawn a Kopsch preparation of Grantia rompressa to 
show the Golgi apparatus; as in Spongilla, it is a spherical or irregular 
object lying on the periphery of the cell and staining dark brown or black 
in osmic acid. In these cells the other cytoplasmic grannies become light 
brown. PI. 19. fig. 4 is a high-power drawing of a coUar-cell treated by 
Kopsch. The Golgi apparatus is seen to be formed of a central archoplasmic 
sphere (AS), surrounded by a rind of Golgi apparatus substance (GA) ; 
this preparation was differentiated in turpentine, while tbe apparatus in 
PI. 19. fig. 1 A A B was left untreated. 

In many cases, such as in PI. 19. fig. 1 A, it can he shown that the flagellum 
passes into the apparatus, but in others, such as in PI. 19. fig. 1 B, the 
centrosome is distinct from the archoplasm and lies on the nucleus. I think 
that in most examples the centrosome lies inside die Gdgi-cnm-arohoplasm 
appuratuB, and tbe filament issues from the latter. In PI. 19. fig. 4, below 
the apparatus at C ?, lay a grannie whi^ is possibly tbe centrosome. Now 
besides the mitochondria, which in some cases may be much finer than 
depicted in PI. 19. fig. 3, there are other larger grannies marked 7 in 
PI. 19. figs. 1 and 4. These are difficult to duHogoisli from the mitochondria, 
and they may stain blacky by prolonged immersion in Iron Hssmatoxylin ; 
by staining in Altipmin th^ are not tinged, and then can be distinguished 
from the mitochondria. In Cajal’s silver nitiate method tile grannies may 
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go intensely brown or black. Such large apparently non-mitochondrial 
granules are possibly yolky bodies partly formed of a dense proteid basis, 
whence their histochemical behaviour. 

Presumably those nutrient granules are the direct descendants of those 
yolk-spheres which one finds in the hisrocytes or flagellated cells of the 
ainphiblastula larva {PI. 23. fig. 28, Y, and PI. 23. fig. 32, Y). Nevertheless, 
such large nutrient granules of the flagellated collar-cell of Grantia are not 
quite like the yolk-spheres of the embryonic histocyte ; the former granule 
has a heavier proteid basis^ which takes crystal violet and haeinatoxylin, as 
well as occasional impregnation in silver nitrate. At one stage of this work 
I did not feel sure that the nutrient granule and the initoehondrium of the 
collar-cell could be distinguished from each other, but some of my later 
preparations appeared conclusive. Probably the most convincing evidence 
is acquired by examining two sets of preparations, one by the Kopscb, 
the other by the Flemming-without-acetic method (4). In the former, 
yolk or nutrient bodies are markedly demonstrated, in the latter such bodies 
are not properly show n, while mitochondria stain densely. 

8. Amopboid CelMements of Grantia. 

Besides the ordinary flagellated cells in situ lining the gastral cavities, one 
finds many wandering mesogleal cells whose origin cun be traced to the 
flagellated cells, as depicted in PI. 22. fig. 24 (see also PI. 19. fig. 7). 

Such amoeboid cells are the commonest elements of the mesoglea and very 
probably give rise to l>oth spermatozoa and ova. In addition to the ordinary 
amceboid cells, whoso cytoplasmic inclusions much resemble those of the 
collar-cells, one occasionally finds small celU loaded with mitochondria. 
These granular cells are very distinctive, and examples of them are seen at 
GAM in PI. 21. fig. 21 and PI. 22. fig. 2«3. Such cells contain in their 
cytoplasm a large number of mitochondrial granules, and very little of any 
nutrient yolk-spheres. They are probably formed from the histocytes 
during late larval and early pupal life, as shown in PI. 23. fig. 28, GAM, 
and in PI. 23, fig. 30. I do not intend here to enter into the questions 
surrounding other elements of the sponge, but the two kinds of cells above- 
mentioned are the only sorts of amceboid cells which have been met with by 
me, and which could give rise to gametes. 

That the germ-cells may arise from the ordinary wandering mesogleal 
cell (PI. 19. fig. 7) is very probable, but the smaller aud more densely 
granular cells are less common—so rare, in fact, that one could not believe 
that they provide a large quantity of germ-cells, it* any at all. 
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9. The Question of the Origin of the Germ-eelU* 

That ova and spermatozoa ultimately arose from collared cells was the 
couclusion of Haeckel, but Scbultze and others claimed that they arose from 
wandering amoeboid cells of tlie niesoglea, which they supposed were 
unrelated to the collar-cells. Polejaeff and (xdrich also consider that germ- 
cells arise from wandering inesogleal cells, which are not connected with 
the gastral epithelium. Jorgensen likewise derives his germ«cells from 
the so-called mesoderm (mesogleal) cells, cither resting stellate connective- 
tissue cells, or amoebocytes. Dendy, as before mentioned, in 1915 published 
a paper in which he disinterred Haeckel’s “ heresy,” and courageously stated 
that in his opinion collar-cells did metamorphose into germ-cells. In the 
present paper I am finally obliged to follow Dendy’s unpopular view, simply 
because I find myself unable to overlook directly confirmatory evidence, 
derived from examination of my own and other workers’ sections. It is my 
opinion that not only do collar-cells migrate into the mesoglea and subse¬ 
quently become germ-cells, but also that collar-cells in .situ may metamorphose 
into oogonia. Scbultze, Polejaeff, Jorgensen, and others may be correct in 
considering the germ-cells as originating from mesogleal atneeboid cells, but 
I claim to have shown here that collar-cells are the main source of the 
above-mentioned ammboid cells, so that in the long run Haeckel and Dendy 
are correct. 

10. How Collar^celU become Ania^oid Cells of the Mesoglea. 

In PI. 23. fig. 24 I have drawn by means of the camera lucida a part of 
a sponge showing the nngration of collar-cells into the mesoglea. The cells 
marked a 1, a2, and a3 are three stages in the process; in PL 19. figs. 7 
and 8 are two later stages showing^the matamorpbosis of an ainmboid cell 
into an oogonium. The cells drawn in PI. 22. fig. 24 can only be doing one 
of two things—either they are migrating into the mesoglea or they are 
migrating from the mesoglea to the gastral cavity. That they are not doing 
the latter seems indicated by the fact that just near the figure a 2 in PI. 22. 
fig. 24 are gaps in the epithelium showing that cells have left their place, and 
the cell mai:ked by the figure a 3 is opposite one of these gaps. When the 
coliar-cells begin to migrate inwards they lose their collar and fiagelluni 
and become amoeboid. As Dendy and Ciarter showed, collar-cells teased 
out alive often begin to thrust out pseudopodia. Many amoeboid cells of 

mesoglea contain similar cytoplasmic inelmfipus to those of the ordinary 
oollar-oells, but later their mitochondria often become more marked, as in 
PI, 19. fig» 7. Most of ib^ pieces of sponge I have sectioned exhibit appear- 
atices such as drawn in fig. 34 of Plate 22, and I am led to believe that this 
behaviour of collar-cells is of constant occurrence during the life of the 
sponge individoal. 
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11. Formation of Ooyonia in ^Mufrom Collar-cells. 

In PI. 22. figs. 2.3, 25, and 26^ I liave drawn with the camera lucida parts 
of the gastral epithelium to show the melamorpliosis m situ of collar-cells 
into oogoiiia. The first stage is in PI. 22. fig. 26 ; at PC, a collar-cell has 
sunk below or become partly covered by its immediiite neighbours. That 
this cell, which is larger than ordinary collar-coils, is really a lately metainor- 
phosod gastral epithelial cell is indicated, firstly because its nucleus resembles 
that of the collar-cell, and secondly because its cytoplasmic inclusions are 
closely similar to those of its neighbours. In PI. 22. fig. 2.5, the cell marked 
OG has a cytoplasm just like that of the collar-cell except that its size is 
greater; the nucleus of this coll is like the nucleus of the collar-cell, except 
for the size of the karyosome. fn PI. 22. fig. 23 at P(.i and OG are two 
stages which are similar to tho.se already described. The cell OG is now an 
oogonium, and is about at the same stage as that drawn in PI. 19. fig. 8. 
In PI. 22. fig. 27 at GTE is a still later stage. 

The figures 23-26 of Plate 22 were drawn carefully with the camera 
lucida, from tlie edge of a sponge where a large number of young oocytes 
wore found. All stages up to the formation of larger oocytes were present, 
and I believe there can be no doubt that such a cell as that in PI. 22. 
fig. 25 is a stage in oogenesis, and is derived from a collar-cell. 

12. Pontion of Germ-cells in Grantia cotnpressa. 

In PI. 19. fig. 5 is part of a sponge showing an egg (OTE) on the left 
and a group of spermatids (SPT) on the ri.i»ht. These lie beneatli the collar- 
cells, and tend to abut into the gastral cavity (GCAV). Jiirgensen (8a) 
mentions that oogonial divisions may take place in the gastral cavity 
beneath the collared epithelium, but more often in the mesoglea. The 
growing oocyte always occupies a position beneath the basement-membrane 
of the collar-epithelium, and I believe that it may come to lie in this position, 
ill many cases by a simple sinking inwards as sliown in PI. 22. figs. 25 and 26. 
Between the stages drawn in the latter figures and in PI. 22. fig. 27, OTE, 
Jorgensen finds oogouial diviaions and the prophases of the first maturation 
division. Those latter have occurred in PI. 22. fig. 27, OTE, which is well 
advanced in growth. J(>rgen.seii would possibly interpret the cells marked 
PC and OGA in PI. 22. figs. 23, 25, and 26, as secondary oogonia which had 
migrated from the mesoglea to their present position ; this I would dispute, 
for 1 find all stages intermediate between sucircells and the collar-epithelium 
cell. The migrations of the oogonia are very peculiar, and I cannot claim 
that ibis account is at all exhaustive. The problem is one which will need 
special study and a larger amount of material than at my disposal ; the main 
point is to note that collar-cells do not always remain as such, but may grow 
and metamorphose into other elements. 
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13* Spermatoffenesis in Grantia compressa. 

About twenty-five pieces of sponge were sectioned by me, and of these 
only one contained any obvious stages of spermatogenesis. The sperm- 
elements of Grantia consist of small groups of cells lying in the interstitia 
between the gastral chambers. Each group lies enclosed in a special 


Teet-wq. 1. 



Camera-lucida drawing of part of sponge showing oocytes (OTE) and nests of spermatids 
(SPT) with tails. Compare with 20. figs.,d and 5 a. The entire substance of 
this sponge contained patches of spermatids and isolated growing oocytes; it was a 
slightly protogynous hermaphrodite, as some of tiie oocytes were being fertilized. 

oapsitU ci inesogleal oeHs, the whcde arvaDgeceent being tmKke anything 
deserii^ previous antht^rs. 

It is a moot point ta to whether each group o£ spenn-oells should be 
called a teslas; 1 tkbk that Uie cells are toe much scattered to form a 
distinct gonad ^text-fig, 1). 
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I*' PJ- 19* ** depicted a. part of a bermaphrodite individual 

showing one gastral cavitry, on the left an oocyte about to be fertilized, and 
on the right a nest of spermatids (SPT), enclosed by their nurse-cells (NSC). 
The hitter are pale cells, cubical, and contain faint grannlations; they are 
not ciliated and the epithelium they form may be partly interrupted by 
absence of cells at any one side. 

The spermatids lie inside the cavity of the nurse-cell chamber (SPA), and 
their tails can easily be seen. 

In my material I was in addition able to recognise larger cells also 
enclosed by' a nurse-cell chamber—these I believe to be spermatocytes, as 
they are of the expected size. 

These aggregations of sperm-cells probably arise at a certain period of the 
year from amoeboid elements of the mesoglea, and the nurse-chamber would 
be formed subsequent to the inception of spermatogenesis. 

14. General Description of the Inclusions of the Cytoplasm in Ooyenesis. 

The young oocyte of Grantia contains the usual three categories of 
cytoplasmic granules or bodies, 1. e. yolk-spheres, mitochondria, and Golgi 
apparatus. In PI. 19. fig. 2 is a young oocyte containing three Golgi elements 
(GAO), with yolk and mitochondria stained yellowish. The apparatus is 
like that of the fiagellated cells, being formed of an inner protoplasmic 
(arcboplasmic) area, surrounded by- a peripheral rind of Golgi material. 
My Kopsch preparations were not suitable to study the Golgi apparatus in 
all stages, because those which were successful did not contain oocytes older 
than that drawn in PI. 19. fig. 2. 

The mitochondria I worked out fully: they are the “chromidia” of 
Jorgensen. Without clouding this present section with controversy with 
regard to tlie origin of the germ-cells, it can be stated that those ceils (in 
fact, all cells of the sponge) from which the gametes ultimately arise 
contain mitochondria in their earliest stages. There can then be no 
question as to the origin of the sponge mitochondria from chromatin. 
The mitochondria in the young oocyte (PI. 19. fig. 8) may be extremely 
large and coarse, and they lie in the endoplasmic region. As the oocyte 
grows larger, the mitochondria bacome more numerous and generally smaller 
at first, but later they may grow very large and dense. As soon as the 
oocyte has grown so large that the crowding of the granules is less marked, 
vacuoles begin to appear in the endoplasm. 

The yolk in the Grantia eompressa oocyte cannot be demonstrated properly 
by short fixation in chrome-osmium, as is suitable for mitochondria. The 
methtid for demonstrating yolk is the unmodified Kopsch (7). 

In PI. 19. fig. 9 is an oocyte just before fertilization, showing the mito- 
ehmidria (blaok) and the very fine numerous yolk-granules as lightly stained 
bodies, ^e yolk-bodies of the egg of Grantia are so delicate that only 
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prolonged osmioation enables tJiieni properly to withstand contact with alcohol 
and xylol in the subsequent embedding and staining. 1 have not hitiierto 
met with such delicate rolk^ though that of the mollusc eggsis often vcty' 
easily destroyed. No other author has described the true yolk of sponge- 
eggs. 

While the yolk granules are beautifully fine and regular in size and shape, 
the mitochondria are often extremely coarse, and of irregular shape, and 
may occasionally be abnormally large (PI. 20. fig. 18, M). 

In the unfertilized and nnmotured oocyte, the yolk granules and mito¬ 
chondria are evenly distributed in the endoplasm, as depicted in PI. 10. 
fig. 9 , and, as will be seen, are subsequently evenly sorted out among the 
blastomeres during cleavage of the ovum. 

15. Ectoplasmic and Endoplasmic Regions in the Egg. 

Even in the youngest oocytes one may notice that at an early stage a clear 
ectoplasmic zone becomes differentiated from an inner or endoplasmic zone. 
The ectoplasmic zone (PI. 19. figs. 5 and 9, Pi. 20. figs. 10-18, PI. 21. 
figs. 18-20) contains few or no vacuoles, is smooth, and is often drawn out in 
the form of blunt psendopodia or filamentous dendriform threads. The 
inner or endoplasmic zone is vacuolated comjdetely and has a fine frothy 
appearance ; it is in this region that the cytoplasmic inclusions lie, granules 
in the ectoplasm of the oocyte being rave or never found. Occasionally, in 
preparations fixed in mixtures containing alcohol or acetic acid, the vacuoles 
collapse, ami the egg comes to have a curious radiation of fibres around the 
nucleus (see Jorgensen’s figures, 8 a). Eggs treated with silver nitiate 
solution show the endoplasm browner than the ectoplasm, and in some cases 
the difference in quality of ectoplasm and endoplasm is as marked as that 
shown in PI. 19. fig. 5, END, ECT. In favounible cases not only young 
oocytes, but amcebocytes, may he seen to possess ectoplasmic and endo¬ 
plasmic zones (PI. 19. figs. 7 and 8). As in the case of the older oocyte the 
cytoplasmic inclusions lie in the endoplasm^ white the pseudopodia consist 
mainly of ectoplasmic matenul. 

Daring development of the egg, all the blastomeres in most cases come to 
have an eqnal portion of the ectoplasm. 

The ectoplasjn can be traced through' cleavage up to the formation of a 
blastula (PI. 21. fig. 21), but it soon either becomes absorbed or is invaded 
1^ endoplasmic substance. In PI. 21. Big. %% a yonng hlastnk is shown, 
wMoh stiil has distinctly marked ectoplasm te regions. In a rare number of 
oases, it was fonnd that (p young biastnlm tho cells pf one «de had less 
ectoplasm than those elsewhere, but in no example canid 1 show' that this 
tneqnalil^ l«d any relationship to the formatioa of the ffageJlated and non- 
ffa^ellated parts of the awphibinsttihi. 
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16. The Problem of the Polarky of the Oocyte, the Omm, and the Embryo. 

This important problem is very cHfficult to iiiKlerstatK] properly, because 
the grannies in the Grantia egg are evenly disposed, and one cannot identify 
a vegetative or animal pole by this means. In fact, one is obliged to 
consider that the egg of Grantia is a primitive amoeboid body, without 
visible signs of a polarity such as one finds in the amphibian egg (Pb 19. 
fig. 9). 

In most cases the egg of Grantia lies bencafh the gnstral epithelium in 
such a w^ay as <o be compressed into an oval form, as shown in PI, 19. fig. 9 ; 
the nucleus itself is rarely quite spherical, being oval in the same direction 
as the egg. While some oocytes at this stage are quite spherical, and their 
nuclei likewise, it is true that by far tlie majority of Grantia oocytes possess 
this form of bilateral polarity. While the oocyte nucleus is most commonly 
oval or elliptical, the pronuclei are often quite spherical. Though it is 
diflScult to come to a conclusion, I fear that the above observations on the 
gross })olarity of the oocyte are of only small value. 

The ectoplasm, too, lies around the entire perijihery of the egg, and lends 
no clue to the sohing of this problem. Polar bo<Jies are most often given 
ott* towards the gastral side of the egg, but I know of one case where a 
polar body was passed out on that side of the egg lying towards the mesoglea. 
1 do not consider that much significance can be attached to this. 

I have been forced to the conclusion that, apart from the bilateral polarity 
caused by pressure, the oocyte shows no permanent signs of definite polarity. 

Now during fertilization the sperm always, in my experience, enters at 
that side of the egg nearest the gastral cavity (PI. 19. fig. 9, 8), and in by 
far the greater number of examples the penetration of the sperm causes a 
partial flow of cytoplasmic granules to that side of the oocyte on which 
the sperm entered (PI, 20. fig. 13). The egg I bus comes to have a definite 
polarity temporarily conferred by the entry of the sperm. The question 
then arises as to whether the place of entry of the spermatozoon marks 
the animal pole, and whether it is the animal pole which later becomes the 
flagellated hemisphere of the blastula ? 

There are several established facts which we may notice at once: The 
flagellated half of the umphibiastuia larva almost always becomes formed 
from that hemisphere of the undifferentiated blastula abutting against the 
gastral layer ; the sperm always enters on this same 8i<le, and the polar 
bodies are most often given off on this side ; in the differentiating blastula 
(PI, 22. fig. 27), the line of demarcation between future flagellate cells and 
future granular cells is sharply distinguishable. 

I -may say, nevertheless, that I am aware that the above evidence is 
Insafficieni fully to settle the question of the polarity. One may, however, 
A^liow oat this line, of reasoning to Us fullest extent, though it should be 
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noticed tbat tbe constant position o£ entry of the sperm may only be due 
to tlie fact that the gastral side is the nearest path ‘which the sperm could 
take to the egg. 

The fertilized egg soon loses that temporary polarity conferred by the 
disturbing influence of the sperma'tozoon, and soon the granules so dis¬ 
arranged flow back and become evenly disiwsed (PI. 21. .figs. 18 and 19). 
No methods used by me succeeded in demonstrating any differences in 
cells of the two halves of the early blastula (PI, 21. fig 21), and it should be 
mentioned that in several cases it seemed to me that the future flagellate 
hemisphere, instead of being turned towards the nearest gastral cavity, was 
turned away from it, as drawn in PI. 22. flg. 27, where I presume the 
spermatozoon entered near the letters SPX. 

The conclusion which seems most likely to be correct is that the oocyte 
lies with its animal pole towards the gastral cavity, and that the sperm 
enters at this pole ; one may also suppose that the animal pole gives rise 
to the flagellated cells or histocytes, while the vegetative hemisphere gi'ves 
rise to the granular cells. It may be noted, too, that the oocyte cytoplasm 
shows, on a microscopical ba.«is, no signs of regional differentiation. 

I believe that while the tatter remark is correct, it may be true that the 
ground-plasma of the oocyte is more or less perfectly differentiated into 
two sorts of substances, which may be the forerunners of the two different 
categories of cells of the ampbiblastula larva. 

17. Preliminary Outline of Events leading to the Union of Sperm and Egg, 

The following account of the stages leading to the union of sperm and 
egg is derived only partly from assumption, but mainly from actual observa¬ 
tion of microscopical preparations. 

The spermatozoa are carried into the gastral cavities, presumably being 
borne along by the inlialent currents. Passing to that region of the gastral 
epithelial carpet overlying a ripe oocyte, <nie spermatozoon enters a collar- 
cell (PI. 19. fig. 9). After the entry of the sperm into the choanocyte or 
collar-cell, the latter loses its collar and flagellum, becomes amoeboid, and 
gradually passes through the basement-membrane of the oollar-oell epithelium 
(PI. 20- fig. 14), and penetrating all obstacles finally comes to lie on what I 
have tentatively presumed to be the animal pole of the egg ; generally the 
sperm-carrying collar-cell makes n special depression on the surface of the 
oocyte. Protoplasmic continuity is estnlilisfa^d between oocyte and sperm¬ 
carrying cell, and the spermatozoon is passively borne into the egg by 
means of protoplasmic cn|‘rents (PI. 20. fig. 12). 

In short, this account wpnld mean to say that the differentiated flagellated 
collar-odl may become modified, in a short space of time, into an ameeboid 
non-flagellated cell, whose function is to carry tile spermatozoon to the egg. 
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I consider that I have found all stages confirming this peculiar happening, 
not only in but also in part in Sifcon cilioLlutTi, diirgensen^s 

figures (8 a), misinterpreted, show that the same process takes place in 
Sycandra raphanvs* 

18. Endence as to the True Identity of the Sperm^carrying Cell. 

Tn by far the greater number of cases, the earliest siages of fertilization 
that I have found are those at a time when the sperm-carrying cell has 
reached the egg (PI. 20. figs. 11 and 14). In many such cases it is quite clear 
that the nucleus of the sperm-carrying cell has a somewhat clearer sub¬ 
stratum, and may be bigger than that of the collar-cell. Did one know only 
these special cases, one might be led to consider that the sperm-carrying cell 
was some sort of amoebocj’^te from the inesoglea. Nevertheless, I have con¬ 
cluded definitely that the sperm-carrying cell is, or was, a collar-cell, and 
for the following reasons :— 

1. In certain few but definite examples the ripe spermatozoon has been 
found in a collar epithelial cell, which reposed in place alongside its fellows 
(text-fig, 1, camera lucidu). 

2. In a very large number of examples I found spermatozoa in cells in the 
position indicjited in text-fig. 3—^that is to say, still in the epithelium, but 
more or less covered by its neighbours. 

3. In a very larg<» tuunber of cases, I believe the majority, the nucleus 
and the cytoplasmic inclusions of the sperm-carrying cell exactly resembled 
those of tlte collar-cell or choanocyte, while the size of the former approxi¬ 
mated closely to that of the latter (see page 279). 

4. The position of the point of eatr)" of the sperm-carrying cell into tissue 
of the sponge, on its journey to the oocyte, is remarkably constant (^compare 
text-fig. 4) ; yet when one examines ripe oocytes before the advent of the 
spermatozoon, no s]>6ciul cells can be found in the epithelium at the region 
where the sjierm-bearing cells later appear. 

These reasons lead me to believe that the sperm-carrying cell is a modified 
choanocyte ; I consider that any one of the statements given in the above 
four paragraphs is sufficient to indicate the true nature of the sperm-carrying 
cell, anti all the facts together constitute a clear and indisputable proof. 

The occasional slight change in the density of the nuclear substratum 
(linin) I consider explicable under the assumption that the presence of the 
spermatozoon exerts an influence leading to this change, and it is important 
to note that this change does not always occur. 

The matter is further discussed on page 283. 

19. Behavimr of Spemi after Entry into Collar^celL 

In my own preparations I nover found the last stages in spermatogenesis, 
so that it is iniposslble for me to say whether the nucleus of the sperm is 
sltetedi by its entr}* into the coliar-oetl. In PL 19. fig. 5 a, I have drawn 
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Letters OHO»collar-cell of)jffaetral epithelium. ECTaitd ENDaseetoplasmie mid endo- 
idi^ic regions dnoocyte. MaBinitochondm. SPMpersiatosoQn. 

2 mnd B.—Two stages in the fertllisaiioji of Qrantia : in fig. 2 the spermatosoon (SF) 
has Just entered a collar-cell; in fig. B the coHar-jOeU hhs lost its coller and is sinking 
. Mow its fellowa Subseiqttient su^s are drawn on Pi. 20. %■. 12^ IB, and 17. 

4.—Pa^ ef aii,<f»ooyte and the coveriagMprall cKdkiHsells (OHO). The blsclc dots 
rej^msent^ the oomparatiTe f^tione of twi^-ifiee epennatoaoa in that numher of 
s esses examsiied in the stage dimWti In fig. B. In all 1 hare over fiftv eoejrtes in stages 
at or Iwtween fi hfid PI. 30f fig* 
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the oldest spermatids I coaid find, and in PI. 19, fig. 6 I have drawn the 
sperm possibly just after it lias entered the collar-cell. The tail of this sperm 
has been added to iny drawing. From what evidence I gained by examining 
a nuinbfr of ripe sperms lying in collar-cells, I believe that the only 
change undergone by the sperm in this position is the loss of its tail or axial 
filament. The nucleus of the sperm, after entry into the collar-cell, might 
swell a little, but I have no evidence that such is the case It is only 
when the sperm is drawn into the egg that the former breaks into parts, 
and the nucleus begins to .swell. The collar-cell has no such effect on the 
sperm : this is a very interesting point. 

Gorich, however, in Spongilla draws the sperm quite differently from that 
of Grantuiy and if the free sperm of the latter resembles that of Sjjomjilla it 
is certain that some change comes over the Grantia sperm after entr}' into 
the collar-cells, (forich's account I do not trust in details. 

20. Changes in the CollarH^ell brought about bg the Entrg of the 

Spermatozoon, 

While most sperm-c^arrying cells at the stages drawn in text-fig. 3 closely 
resemble the collar-cell, it is true that by the time the formc^r reach the 
oocyte some undoubted changes have taken place, especially within the 
nucleus. 

The example drawn by Professor Dendy (2) on PI. 26. fig. 52 of his paper 
is a fairly typical case, such as I have occasionally noted in my own 
material ; a similar example is drawn on PI. 20. fig. 16 of this paper. 

I find that a g(»o<l deal of variation in the general appearance of the nuclei 
of the spenn-carryiiig cell can be noted, and some nuclei are exactly similar 
in size, shape, and staining-power to the collar-cell nucleus, while others 
lack especially that dense substratum peculiar to collar-cell nuclei. I consider 
that this |>artial clearing-up of the dense nuclear substratum is caused by the 
j>rolonged presence of the sperm, and is in some way connected with the 
amoeboid phenomenon of the metamorphosed collar-cell. 

Tn addition to this occasional change, all sperm-bearing collar-cells lose 
their collar and flagellum, and become amoeboi*!. As would be expected, 
most sperm-bearing cells are a little larger than the unmodified collar-cell : 
this is due to the presence in them of the sperm. 

21, I'he Fate of the Sperm-carrying Cell after the Sperm passes into 

the Oocyte. 

The sperm-carrying cell lying upon the surface of the oocyte is a most 
conspicuous object, yet in the cleavage-stages subject to fertilization this cell 
could not any longer be made out. Having examined a number of early 

^ I have lately procured evidence that the sponge sperm is filiform and flagellate, so a 
great eUaiige comes over it after entry the collar-cell (see Joum. Roy. Micr. Soc. 1920). 

' " * 21 * 
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cleavage-stages I have come to the conclnsion that the sperm-carrying cell 
either wanders away after the spermatozoon has passed out of its cytoplasm, 
or in some way effaces itself by degenerating or shrinking in size. I found 
only one case suggesting that the sperm-carrying cell subsequently degene¬ 
rates : in PI. 21. fig. 18, the cell at SCO is obviously unhealthy. At present 
1 am led to consider that the sperm-carrying cell subsequently wanders away 
through the raesoglea. 

22. Behavmxr of Sperm and Sperm^bearing Cell explicable at a 
Chemotaetic Phenomenon^ 

In text-fig. 4 is drawn diagrammatically a part of an oocyte and the neigh¬ 
bouring row of collar-cells. Twenty-five oocytes were examined at the stage 
of fertilization dravrn in text-fig. 3^ and the position of the sperm was 
indicated in the diagram in fig. 4 by a black dot. This diagram, therefore, 
gives a graphic representation of the fact that the swimming spermatozoon 
is definitely attracted in some way towards the egg. If this were not so, one 
would not find the sperm almost invariably entering cells neighbooring the 
egg. I have not found sperms in collar-cells further away from the egg 
than those drawn on the extreme left and right in fig. 4. 

Chemotaxis as an explanation of the attraction of any sperm by any egg 
has been abandoned to a great extent by zoologists, but surely here is a 
definite case of attraction between egg and sperm ? The egg of the sponge 
seems able to give forth some substance which causes the sperm to swim to 
that region of the gastral epithelial carpet which Just overlies an oocyte. 1 
cannot think of any other explanation which accounts for text-fig. 4 so 
satisfactorily. 

23. The Entry of the Spermatozoon into the Egg and the Effect on 

both Gametes. 

The sperm is drawn into the unmatured, oocyte probably by synchronous 
flowing movements of the protoplasm of both sperm-carrying cell and the 
oocyte. That the sperm itself has no immediate part in tlie process seems 
indicated by the fact that it is able to pass into the egg with its nucleus 
forwards or its middle-piece forwards (PI. 20. fig. 11) or sideways. There 
is undoubtedly a complete protoplasmic continuity established between the 
cytoplasm of the carrier-cell and that of the oocyte; here the vitelline 
membrane of the egg is interrupted as shown in PI. 20« figs. 12 and 14. 

When the sperm has passed into the egg, UMa first change noticed in it is 
the breaking-down of the sperm-cell wall (PL 20« fig, 16), The acrosome 
(AC) becomes faint, and i4}ust disappearing in the last figure. The sperm 
cytoplasm becomes furred at its edges where it touches the i^g-cytoplasm ; 
soon a fio^ng movement, apparently initiated by the entry of ihe sperm, 
tends to disturb the arrangement of mitochcndria, tvhioh partly pass to that 
hemisphere of the eocyte at whidh the speim entered 10,12^ 13), 



EARLY t)KVEL01»MBKt OF GRANTIA COMFRESSA. 


281 


Vacuoles collect near the region of the sperm, and the path of the latter 
into the egg becomes marked by an area formed of more liquid substance 
(PL 20. figs. 13 and 17). The fine yolk-spheres keep closely around this area, 
but do not invade it, as is shown in PI. 20. fig. 13. Subsequent to the entry 
of the sperm, the oocyte undergoes maturation giving off two polar bodies. 

24. The Fait of the Middle-pieee or Sperm Maeromitosome 2fehenlcern 

durinff Fertilization. 

In Ascaris and Phallusiait has been shown that the mitochondrial substance 
in the middle-piece of the spermatozoon does not degenerate during fertili¬ 
zation, but retains its faculty for growth and division and a[)parently takes 
some minor part in the phenomenon of fertilization (14). 

With Champy-Knll technique the middle-piece of the Grantia sperm 
stains a bright red, while the egg-cytoplasm is a greenish or golden-grey 
colour ; it is, nevertheless, a somewhat difiieult matter to ascertain exactly 
what becomes of this body during fertilization. Between the stages of 
PL 20. fig. 12 and fig. 13, the niiddle-piece in its form of a bun-shaj)ed bead 
completely disappears. In PI. 20. fig. 17, MAM, it is quite clear that the 
middle-piece is breaking up into a cloud of small granules which adhere to 
the growing male fironucleus like the tail of a comet. In subsequent stages 
I never found any granules which I could identify for certain as having 
originated from the macromitosomo, but in PL 20. fig. 13, at a*, arc certain 
grains whicb might be the remains of the original middle-piece. While 1 
do not wish to deny that there may be activity of the male mitochondria 
subsequent to the stage of PL 20. fig. 17, I consider tliat ssiich is unlikely. 
The evidence either way is not complete enough to allow me to express a 
definite opinion. 

25. The Mitochondria in the Development of Grantia compressa. 

Tn certain Ascidia it is established that the mitochondria become uneyenly 
segregated into different blastomeres, the myoplasin being formed inainly 
from these granules. The two regions of the .sponge amphiblasiula do not 
contain granules in equal quantity, and it is interesting to ascertain wlietlier 
in Grantia there is any special segregation of cytoplasmic granulations into 
special blastomeres. 

Subsequent to fertilization in Grantia compressa, the mitochondria become 
more or less evenly spread out in the endoplasm (PL 21. fig. 21), and 
during cleavage the distribution of the mitochondria between the blastomeres 
is equal, as shown in PL 21« figs. 19, 20, 21, and 22. 

In PL 21. fig. 22, the blastula is found to be formed of cells, ail of which 
contain approximately equal numbers of mitochondrial grains. It is only 
nmeh later during the differentiatidn of the two main cell-layers in the 
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embryo that any differentiation of granules appears, and these differences 
seem due to slow growth and not to any segregation during cleavage. It 
is apparent that pari passu with the cleavage of the egg into smaller and 
smaller blastomeres, the mitochondria either shrink considerably in size or 
break up into smaller fragments (compare the size of the granules in PI. 21. 
fig. 19 and fig. 22). It is not true that the mitochondria (chromidia of 
Jorgensen) disappear in the late blastulu^stage, as was thought to be 
the case (8 a). 

26. Differentiation of the Nuvlei of the Blastula^ioall heralding the 
Formation of Two Definite Tissues, 

On PI. 21. fig. 21 I have drawn a Grantia blasiula at a stage when all 
the cells appear alike ; the nuclei and the inclusions of the cytoplasm of 
these cells seemed to me to be similar throughout the entire blastula. On 
PI. 22. fig. 27 is a blastula fixed at the period when the nuclei of the future 
flagellated hemisphere have begun to be easily distinguishable; the earliest 
signs of differentiation of the future flagellated cells is constituted by' a 
tendency for the cells of one hemisphere to divide more rapidly, and to become 
more regularly arranged: the peculiar denseness of the nuclei of this layer 
is a subsequent and rapid differentiation. In PI. 22. fig. 27 the granules in 
the cytoplasm are not different in either region, and it seems certain that 
nuclear differentiation precedes or instigates special cytoplasmic activity. 

Soon after the stage depicted in PI. 22. fig. 27, the character of the yolk- 
spheres becomes altered ; this is indicated by the fact that the yolk-spheres 
of the embryonic tissues are more perdstent and less easily destroyed than 
those of the egg or earlier blastula. 

Owing to lack of suitable material, there were several intei;esting problems 
which 1 did not examine, but it is hoped to investigate these at some later 
period. 

27. DiscussroN, 

(a) Organ^forming Substances ? 

In this study the behaviour of yolk and mitochondria has been followed 
out in the development of the sponge Grantia eompressa. The introduction 
of specific and selective staining and fixing methods has enabled me to 
identify mitochondria, yolk, and Golgi apparatus* The sponge falls into 
the group of animal forms which have beejJ shown to possess the two 
protoplasmic inclusions. 

The main result of this research, in so far as it touches on the mitochondria, 
has been to Show that they pass through development without losing their 
individuality, and that they are distributed evenly daring cleavage to the 
blastomeres. No sort of segregation of materials in special blastomeres could 
be detected with the methods used by me^ and I have come to the conclusion 
that such differentiation of cell«layers and^ materials atf one finds in the 
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ainphiblastula larva is of gradual growth in the stages between the end of 
cleavage and the final staged of the formation of the free-swimming larva, 
I could not find any evidence for such segregation of materials as described 
by Conklin (1) in Cynthia^ and I have come to the conclusion tliai, so far 
as fixed material goes, no visible organ-forming, areas can be demonstrated 
in the egg of Grantia cmnpresm. It is possible, however, that delicate easily 
destroyed pigments may be present in the fresh ripe egg, and these might 
mark out ground-protoplasmic areas not to be distinguished in fixed material. 
Of this 1 have no evidence, 

(b) Chromidia and Mitochondria. 

dorgensen and Dendy both describe tbe mitochondria under the name 
“ chromidia,implying that they have a true chromatinic nature and are 
related to the nucleus. 

If the egg is treated by Cluimpy-Kuirs metbod the mitochondria are red 
(fuchsin) and the nucleus is bluish. In the Bensley-Cowdry stain tbe mito¬ 
chondria are red (fuchsin) and tbe nucleus is green (methyl-green). In 
Carnoy’s fiiiid tlie mitochondria arc dissolved away and tbo nucleus remains. 
The mitochondria of Grantia are not “ chromidia ” in tbe proper sense of the 
word, nor are they derived from the nucleus at any periotl of oogenesis *. All 
embryonic cells contain mitochondria, and there is no question of the latter 
appearing from the nucleus at any stage of the oogenesis of egg-cells derived 
from the auioehoid or other elements of the mesogiea or collar-epithelium. 

In a late paper on Apantetes I described true cytoplasmic chromidia in the 
egg of this form ; such chromidia stain like chromatin, and ultimately 
metamorphose into secondary nuclei. In the Hymenopterous egg the 
secondary nuclei (chromidia) and the mitochondria are easily distinguishable 
and can be stained in different colours* 

(c) Fertilization. 

In this paper I have given the first correct interpretation of the peculiar 
stages already described by Gdricb, Jorgensen, and Dend3^ It has been 
demonstrated beyond a doubt that the spermatozoon of Grantia is brought to 
the oocyte by a carrier-cell. On page 277 I have given my reasons for sup-, 
posing that the sperm-carrying cell is really a collar-cell which has lost its 
collar and flagellum, and become amceboid. 

Should subsequent work confirm this description (and 1 have little doubt 
that there has been no mistake) this will constitute one of tbe most remark¬ 
able occurrences in the fertilization of any animal. 

It is remarkable that the collar-cell temporarily containing the spermatozoon 
should desert its position in the gastral epithelium and wander into the 

* I now abandon this view and admit Dendy's description of nucleolar extrusions to be 
ooxveot. This matter is treated at length in my new paper in the Journ. Boy. Micr. Soc, 

vm. 
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mesogleal tissue. That the sperm is the instigator of this unusual behaviour 
seems certain, and apparently any collar-cell may transform into a sperm¬ 
carrying cell. From examination of Dr. E. S. Goodrich’s small series of 
Sf/con ciliatum slides, I believe that in this, form also the collar-cell acts as a 
sperm-carrier, and Jorgensen’s account of similar stages in Sycandra raplianus, 
all misinterpreted, lead me to consider that the process described by me for 
Grantia compressa will apply to other forms of sponges. 

It is evident, as Professor Dendy has himself pointed out to mt^ that two 
distinct processes have been confused. The young oocyte is fed by a process 
of phagocytosis. It is definitely established by Professor Dendy that certain 
large amoeboid elements of the mesoglea carry other cell-elements to the 
young sponge-oocyte, and the latter engulfs the food-matter so offered. The 
cell-elements which bring such cell-food to the growing oocyte are unlike 
the cell which later brings the spermatozoon to the oocyte ; moreover, this 
process of feeding only takes place in small oocytes. After the latter have 
grown to half their ultimate size, ingestion of other cells is rarely found to 
occur, and, moreover, ingestion of other cells by the growing oocyte takes 
place on any part of its surface, whereas the process of fertilization occurs 
on one definite side of the oocyte. There can be little doubt that not only is 
the process of phagocytosis in the oocyte different from the stages leading 
to fertilization, but also that the cells engaged in the two processes are not so 
alike as to lead one to believe that they are derived from the same source. 
The cells engaged in bringing food-matter to the young oocyte are nearly 
always much bigger than those which bring the sperm to tho egg, and the 
cell-contents of the two cells are not alike. 

(d) 77etf Sperm^carrying Cell contAdered as a Mesogleal Amcehoeyte^ 

The sperm-carrying cell has been assumed by me to bo a modified cboano- 
cyte or collar-cell. There may be critics of this view who would prefer to 
take the other alternative, and look upon ibis peculiar cell as an amoebocyte 
from the mesoglea: according to such critics,,the ammbocyte would be much 
more likely to behave in the manner of the sperm-carrying cells ; moreover, 
it is true that some of the latter have nuclei rather unlike those of the collar- 
* cells, and similar to the true mesogleal amoebocytes. 

In the first place, one never finds animbocytes near unfertilized but ripe 
oocytes in the position in which the sp^m-carrying cell later appears (text- 
figs. 3 and 4). Secondly, 1 have never founds spermatozoa in amoebocy te 
elements of the mesoglea, and I have foutid i^Veral cases where sperms lie 
within what I presume to be choanocytes {text-fig. 2, SP). Thirdly, there 
is the fact that the position:of the sperm-carrying cell is remarkably constant 
(text-fig. 4): now, if mesogleal amosbocytes carry the sperm to the egg, why 
is this position so constant^ Presuming that sperms switn through into the 
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mesoglea and get into anaoebocytes, we are then forced to believe that each 
sperm-bearing amoebocyte, whatever its primary position, alwayvS carries the 
sperm to one side of the egg ; there would then undoubtedly be cases where 
the amoebocyte would have to perform a coiiiparatively long journey with the 
opposite pole of the egg as its goal. Against this amoebocyte view there is a 
fourth reason : cells carrying sperms can never to my knowledge be found 
oil the short side of the egg, as marked by the star on the right of text- 
fig. 3. Had the sperm-bearing cell been a mesogleal ama^bocyte T would 
surely have found one with a sperm, in positions other than the gastral side 
of the oocyte (text-fig. 4). 

Reference to Professor Dendy's pL 24. figs. 50 and 51, and comparison with 
fig. 52, will show that the cell wdiich carries food to the oocyte is not only 
bigger than that which carries the sperm, but has different cytoplasmic 
contents. In Prof, Dendy^s fig. 52 the sperm-carrying cell (N(;) is about 
the same size as a collar-cell. 

To explain my text-fig. 4 satisfactorily on the basis of the amopbocyte 
view’, one w’ould need to assume that there was a row of waiting ammbocytes 
ready in the position in which the sperm is later found. No author who has 
drawn sponge-oocytes has figured such amoebocytes in this r<*gion, and I 
have never seen an ama3lK>cyte waiting in this part of the gastral ejiitheliiim. 
To assume that the sperm pushes its way into the mesoglea till it finds an 
umtebocyte to carry it to the egg is preposterous, for if the sperm cun push 
its way, ** under its own power,into the mesoglea, there would be no need 
for another cell to carry it to the egg. 

I think it will be obvious to all that the sperm does penetrate into a collar¬ 
cell, cannot itself pass through to the oocyte, but is carrieil by the collar-cell, 
which, during the process, may occasionally become somewhat altered in 
appearance. 


(e) Germ^ells and Sex in Sponges. 

My observations lead me <o consider that all Graniia indiyidiials are 
probably potential hermaphrodites, but that the occurrence of sponges with 
sperm-stages is somewhat rare. Tn only one case out of twenty-five that I 
know was the sponge a positive hermaplirodite, and in all the other examples 
1 examine I only oogenesis stages were discovered. I am led to consider that 
Graniia eompressa is either a simultaneous hermaphroilite, or female, both 
sorts of individuals being found. The sponges which I found to contain 
oogenesis stages alone might have been either protandrous or protogynoiis 
hermaphrodites, but this seems rather improbable, for at the time I fixed my 
material the bulk of the oocytes were ripe and being fertilized, while there 
was a general absence of sperm-stages, except in one individual, which 
contained boUi spermatids and oocytes being fertilized. 
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One small point I may mention with regard to any possibility o£ self- 
fertilization in Granlia : the sole individual in which I found unripe 
spermatids also contained oocytes just being fertilized, showing that the 
sperms must have come from some other sponge, or otherwise one would 
have found later stages in sperinalogenesis. 

As a matter of fact, the whole question of sex in sponges is far from being 
definitely settled, for I doubt vrhether certain previous observers of marine 
sponges have really identified the true sperm-stages. 

(f) Sjjermatoffenesis in Grantia. 

Haeckel in his ‘ Kalkschwamnie ’ figures shnall sperm-balls ” just under 
the gastral epithelium, much in the same position ns in Uendy’s figures. 
Neither Haeckel nor Deiidy have produced convincing evidence as to their 

S})erin-balls.’^ 

Subsequently to my writing the account of Grantia spermatogenesis given 
on page 272, I had the opportunity, througli Professor Hendy^s kindness, 
of seeing not only his own sperm ” stages, but also those of Ur. PolejaohT. 
In figs. 86-93 of Professor Dendy’s plate 26 are drawn what this observer 
describes as “ sperm-morulse/’ with spermatozoon heads ; he has also 
described the derivation of these mornke from other cells which he believed 
to be spermatogonia and spermatocytes. On pi, 26. fig. 94 he gives figures 
from Dr. Pol^jaefTs slides. After carefully reading Dendy's account, and 
having seen his preparations, 1 have little hesitatian in claiming that what 
he has described are certainly not si^erm-stages of any sort; I believe that 
these bodies he describes are parasites or inquilines of some kind, probably 
of plant nature. Dr, Polejaeff^s sperm-balls are, I consider, nothing more 
than some protozoan, while the granules inside the cell are. not individual 
cells, but discrete cytoplasmic aggregations. Moreover, neither Dendy nor 
Polejaeff figure tails on their spermatozoa, while I find tails on my 
spermatids *. 

1 believe that there is no doubt that the cells Z have described are true 
stages of spermatogenesis, and I sectioned twenty-five sponges before I 
found them. I wish to emphasize this fact, for other observers have found 
the same scarcity of spermatogenesis stages in sponges, and this is one 
reason why two observers (and probably three) identified either parasites or 
inquilines as sperm-stages. 

Wilhelm Gorich in Spongtlla JluviatilU describes what are undoubtedly 
stages in spermatogenesis ; his description of the formation of the spermato¬ 
zoon from the spermatid is quite detailed, but he mentions neither mitochondria 
nor Golgi apparatus. In Spongtlla the sperm-stages lie inside a wall of 
nurse-cells (^Cystenzellen’^), somewhat as in Grantia* In Sycandra raphanus 

* At the meeting of the Society, after I had read this. paper, Prof. Bendy, in reply, 
abandoned his preyions views with regard to his ** sperm^oruls,^^ and stated ^at in two 
other sponges he had found stages like those wMch I have described in this paper. 
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he describes the formation of the ‘‘ Spermatocyste by means of coll which 
approaches the spermatogonium (“Spermazolle’"), and surrounds it com* 
pletely; he figures and describes the sperm-cell dividing inside the cyst-ccll. 
I£ Gorich’s account of the formation of the nutrient-cell capsule is correct, 
it would mean that in Grantia probably all the cells in PI. 19. fig. 5, marked 
NSC, would have originated from a single nurse-cell. 1 doubt this, hut 
am unpre|)ared at present either finally to reject or adopt Gdrich’s account. 
In Gorich's spermatid and spermatozoon there i> no nucleolus. 

is) i'oUar^celLs as the DominaHt and most Characteristic Tissue 

of the Sponge, 

Dendy (2) remarks, *‘The one constant and characteristic feature about 
sponge histology is, of course, the collared cell, and that is only constant in 
the sense that its typical form is that which possesses a collar and a flagellum. 
The sponge is, after all, not very much more highly advanced in organisation 
than a colony of chouno-flagellate Protozoa.'' This paragraph aptly describes 
the view’s, at which I have myself arrived by my independent observation. 
The collar-cell is the dominant cell in the sponge, and ] feel that Haeckel 
was correct in tracing the origination of germ-cells from collar-cells. 
Gollar-cells are continually migrating into, and reinforcing, the mesoglea 
of the growing sponge : the- collar-cell is really very little differentiated 
exce|>t for the flagellum and collar, which, we are now quite sure, can readily 
he withdrawn. The collar-cell then becomes an active amoeboid cell- 
individual, whose subsequent fate possibly may he to metamorphose into a 
germ-cell. 

One is obliged to remark that in the discussion on the origin of germ- 
cells—not only in sponges, but in other animals—there has been far too much 
reliance set upon theoretical conceptions, and not enough on simple observa¬ 
tion. It does not suffice for critics to state that they “ do not think that 
collar-cells can metamorphose into germ-cells^' ; they must bring forw’ard 
something more definite before one can give their views adequate attention. 
So far as I am able to understand, the critics of Haeckel's view as to 
the origin of sponge germ-cells Ijase their assumptions on the illogical 
and unnecessary extension of Weismann's views to sponge embryology. 
According to these observers, germ-cells are supposed to be derived from 
non-differentiated embryonic elements, and the collar-cell, having become 
differentiated, is debarred from entering the charmed circle of cells which 
alone can become germ-cells. 

Speaking for myself, I am quite unable to see why a collar-cell cannot 
differentiate, especially when one remembers that an embryonic cell can 
become a coliar-cell, if the stimulus can be provided to make a cell undergo 
certain changes in one direction, why should not other stimuli cause the 
changed ceil to pass back along its former path ? The collar-cell is not a 
highly differentiated cell, such as a metaaoan ganglion or gland-cell. 
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(h) Final Remarks. 

Professor Bendy has given mo permission to state that he accepts my 
explanation that what he described in his plate 24. fig. 52, as feeding of the 
oocyte by nurse-cells, is really a stage in fertilization. 

The question of the true nature of the sperm-carrying cell is less well 
established, but Professor Bendy considers that in all- probability my 
interpretation will be found to be the correct one. 

The problem of the spermatogenesis is a moot point, but I believe that 
few will doubt that what I have described in text-fig. 1 and Pi. 19. figs. 5 and 
5 A are the true stages in Grantia. Haeckel, Pol^jaeif, and Bendy have 
failed to bring forward convincing evidence as to the spermatogenesis, and 
no eytologist acquainted with these questions would identify the “ sperm- 
balls ** of these workers as authentic stages in the formation of spermatozoa 
in any animal. 

Attention is drawn to the remarkable facts which other authors and 1 
have established with reference to sponge gametogenesis :— 

1. The young oocyte bodily engulfs large cells and feeds at their expense. 

2. The oocyte and ovum are both amoeboid and capable of moving 
through the mesoglea. 

3. Spermatozoa are developed in special nurse-chambers, possibly formed 
of mesogleal cells. 

4. The spermatozoa are carried to the oocytes by special carrier-cells, 
which are very probably collar-cells. 

' 5. The larva is nourished by a special nutrient chamber formed of 
mesogleal cells. 

6. The pupal stages comprise many peculiar events, which lead to the 
formation of the sponge. ^ 

Probably in no other order does the gametogenesis and early development 
present so many extraordinary peculiarities. 

This paper merely touches on a few of these peculiarities, and I hope in 
subsequent work farther to pursue the subject. 

28. SumiABT. 

Choanoej/te or Collar-Cell. 

1. The nuclear background contains a fairly dense basophil substance, 
which is either a dense linin network or a cl^mophil kaiyoplasm—more 
prol»bly the latter (PL 19. fig. 1). 

2. The cellar of the chpanooyte has two thickening, an inner and an 
outer; the latter one is very .well marked; both ihiokeninga are mure easily 
seen in the partly withdrawn collar (PL 19. fig. 1, B). 

3. The cellar consists of delicate proioplamn wMch is best preserved by 
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prolonged osmication; the collar-cell is often drawn out into two regions, an 
outer “neck” and an inner “base,” containing all the granules and the 
nucleus (PI. 19. fig. 4) ; the Golgi apparatus and centrosome generally lie 
in the “ neck,” other grannies in the “ base.” 

4. Colliir-cells contain three cell-elements other than the nucleus: the 
Golgi apparatus (and centrosome), the mitochondria, and metaplasmic store- 
granules. 

5. The mitochondria are irregular, but fine, and lie around the nucleus 
(PI. 19. fig. 1, M, fig. 3, M.) 

6. The metaplasmic or yolky store granules are much larger than the 
mitochondria, but lie in the same region. (PI. 19. figs. 1 and 4, Y). 

7. The Golgi apparatus lies in the “neck” of the bottle-shaped coll, 
either upon the nucleus (PL 19. fig. 1, A) or separately (PI. 19. fig. 1, B). 

8. In certain definite cases the centrosome is seen to lie inside the Golgi 
apparatus (PI. 19. fig. 1, A) and the fiagellum originates from the centrosome. 
In other cases the centrosome appeared separate (PL 19. fig. 4, C ?). 

Oogenem. 

1. The young oocyte contains the three cytoplasmic inclusions: yolk 
granule!), Golgi apparatus, and mitochondria (PL 19. figs. 2 and 9). 

2. The oocyte consists of two well-marked regions: a peripheral smooth 
ectoplasm and an internal frothy endoplasm, in which all the cytoplasmic 
granules lie (PL 19. fig. 9). 

.3. The Golgi apparatus con.sists of isolated multiple elements formed of 
several rods arranged in angular formation, much resembling that of the 
mollusc oocyte (PL 19. fig. 2, GAO). 

4. The mitochondria are fairly large, often irregular bodies, lying in the 
endoplasm (PL 19. fig. 9, M). In the ripe oocyte they are often abnornially 
large, and are never very numerous. The mitochondria constitute the 
“chromidia” of Jorgensen and Dendy. In their histochemical reactions 
they differ from chromatin. 

5. Yolk-spheres are very fine and delicate, entirely filling the endoplasm 
and lying in the trabeculse l>etween the endoplasmic vacuoles. The yolk is 
onlj' properly preserved by Kopsch’s metliod. Yolk-granules are formed 
in and by the ground-cytoplasm, and have no connection with the mito¬ 
chondria (PL 19. fig. 9 etc., Y). 

6. The egg is amceboid and ectoplasmic pseudopodia are common (PL 19. 
fig. 9, EOT). 

7. The full-grown oocyte is oval or elliptical in shape, as is the nucleus, 
but the granules and yolk are evenly disposed, and there is no sign of a 
definite vegetative or animal pole. 

8. No organ-forming areas, or visible aggregations of cytoplasmic materials, 
was made out. 
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SpennatogenesU 

1. ITie spermatozoon is probably a (flagellated) ovoid body, containing a 
bun-sbaped nucleus. The spermatid is flagellate, so we know that the 
spermatozoon must be flagellated, though one was never found outside a 
sperm-carrying cell. In PI. 19. fig. 6 is drawn a sperm from a sperm¬ 
carrying cell, the tail being added fiDm observation of spermatids. The 
sperm has an acrosome in front, which lies on the edge of tlio cell, but which 
is not pointed. The nucleus of the spermatozoon is bun-shaped, reticulate, 
and contains a nucleolus (karycsome) ; the mitochondrial apparatus is in the 
form of a bun-shaded fuchsinophile, mncroniitosome (“ Nebenkern *’), or 
middle-piece. The centrosome lies partly between the nucleus and niacro- 
mitosome, but more in the latter than in the former (PI. 19. fig. 6). 

2. Spermatogenesis takes place inside a definite capsule of pale, cubical, 
granular, non-flagellated mesogleal cells. The sperm-stages are aggre¬ 
gated into little patches here and there throughout the entire area of 
the hermaphrodite sponge ; these patches lie beneath the flagellated 
gastral epithelium, and stain more darkly than their surroundings. Both 
spermatocj^tes and spermatids have been identified ; the latter are flagellated 
(text-fig. I and PI. 19. fig. 5 a). 

3. The number of spermatids in one patch is generally above fifty. 

Fertilization {1st Part). 

1. The ripe sperm, after having entered into the gastral cavities, is carried 
from the collar-epithelium to the oocyte by means of a carrier-cell. The 
sperm lies inside the carrier-cell, which bears its passenger to the ooc/te. 

2. The carrier-cell is assumed to be a modified collar-cell or choanocyte, 
for the following reasons :— 

(a) There are two cases in which I have found a sperm "inside a collar¬ 
cell (fext-fig, 2, PI. 20. fig. 10). 

(ft) There are a large number of cases in which I have found a sperm 
inside a cell which closely resembles n collar-cell, except for absence 
of collar and flagellum, and which lies still within the collar- 
epithelium in the position drawn in text-fig. 3. 

(c) There are about fifty cases in which I found the spermatozoon 
contained within a cell which always lay in the region indicated by 
the black dots in text-fig. 4. No sperm-carrying cells or spermatozoa 
were found in any part of the mesoglea or at the short sides of 
the egg. 

(df) t have never found, nor has any otner author figured, mesogleal 

amcehocytes lying near unfertilized oocytes, in the invariable 

position in which the sperm-carrying cell later appears—only 

collar-cells are found there ; the gastral cavities were not found to 

contain sperm-carrying cella^—the collet-oells alone can be the 

source of the spermrcarrying eeUs. 

« 

^ See foot-note on 279. 
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3. The entry of the spermatozoon into the collar-cell does not cause the 
former to break up into its constituent parts. 

4. The entry of the sperm into the collar-cell or choanocyte causes the 
latter to lose its collar and flagellum. Subsequently the nucleus of the 
collar-cell may lose tliat characteristic smooth chromophil background, and 
become more open and reticulate—this does not always occur. The sperm- 
containing choanocyte sinks below its fellows in the e[»ithelium (text-fig. 3), 
passes through the hasement-iiiernbrane of the choanocyte e})itheHum, and 
comes to rest on that surface of the oocyte nearest the collar-epithelium. 
Occasionally, the sperm-bearing cell makes a hollow in the egg, into which 
it fits (PL 20. fig. 11). 

5. The wall of the sperm-carrying cell and of the oocyte vitelline membrane 
come into direct contact ; they become interrupted, protoplasmic continuity 
is established, and the spermatozoon flows passively into the egg (PI. 20. 
figs. 11, 12, 14, and 16). 

(I. The sperm may enter the egg frontways, backw^ays, or sideways (PL 20. 
figs. 11 and 12). 

?• The sperm does not apj>ear to undergo the special rotation noted in 
other forms. 

8. The sperm-carrying cell, after the sperm has passed away, does not 
immediately change, for it can he found during early cleavage. Later on it 
becomes increasingly difficult to find tliis cell, and one is led to believe that 
it subsequently w'anders away from the scene of its former activity. In one 
case 1 thought the sperm-carrying cell had begun to degenerate. 

9. From the fact that the spermatozoa are always found in a circumscribed 
area of the flagellated cavities, just where the eggs lie, it has been concluded 
that this is a definite example of ehemotaxis (text-fig. 4). 

Fertilization (2nd Part). 

10. The spermatozoon, after entry into the egg, first of all loses its cell- 
wall, which degenerates. 

11. The oerosome next becomes chromophobe, while the edges of the 
sperm-cytoplasm tend to spread into the surrounding egg-cy topi asm, being 
for some time recognizable by its coarse stringy appearance, but later it can 
no longer be noticed (PL 20. figs. 16 and 17). 

12. The sperm nucleus now begins to grow% and other nucleoli prt in an 
appearance (PL 20. iig. 13). The nucleus becomes spherical. 

13. The sporm-raiddle-piece or raacromitosome breaks up into a cloud of 
fine granules, which adhere to the growing male-pronucleus like the tail of a 
comet (PL 20. fig. 17, MAM). In a later stage these granules could not be 
identified. 

14. Soon after the entry of the sperm, one finds that in the majority of 
oocytes there is a flowing towards the region of entry of many of the 
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mitochondrial spheres, so that the hemispliere away iruiu itie gusiral layer is 
partly bereft of mitochondria (PI. S0« figs. 10 and 111). 

15. The path of entry of the sperm is marked by an area formed of a 
chromophobe vacuolated substance, probably infra vitam of a liquid nature. 

16. The oocyte nucleus breaks up and forms two polar bodies during these 
changes in the spermatoaoon (PI. fig. 13, PB), and finally the male and 
female pronuclei grow to the same large size (PI. 21. fig. 18). 

Cleavage and Development. 

1. During cleavage and early development the y'olk and mitochondrial 
granules are sub-eqnally sorted out among the blastomeres (PI. 21. figs. 19, 
20, 22, and 21). 

2. During the histogenesis of the two main tissues of the sponge-larva 
(PI. 23. fig. !i8, FC & GO), these mitochondria and yolk-grains (and probably 
the Golgi elements), though sorted out previously into subequal quantities 
between the blastomeres, later become more or less numerous, or specially 
modified or grouped in special regions, as the tissues develop and differentiate. 

3. Such diiFereutiatioii is not, so far as the granules themselves are con¬ 
cerned, in any way traceable to a special segregation during cleavage. 

4. The fixing and staining reactions of the yolk-spheres of the egg are 
different from those of the amphiblastula larva, for during differentiation or 
histogenesis the yolk-sphen-s become denser and less delicate, especially in 
the fiugellated cells. The fame applies, though less well, in the case of the 
mitochondria. 

The Amphihlaxtula Larva. 

1. The larva is formed of three sorts of cells anterior fiagellated histo- 
cytes, posterior “ granular ” archeoc^tes, and inner ama‘bocytes. All these 
originate and differentiate from a unilaminar blastula formed of similar cells 
(PI. 21. fig. 21). For lurvffi see PI. 23. figs. 28 and 32. 

2. The larva in later stages of its formation becomes, partly or wholly 
surrounded by a layer of squamous mesogleal (maternal) cells, which are 
marked by their containing peculiar irregular mitochondria. This nutrient 
ca[»nle is best developed near Ibe posterior “granular-cell'* pole of the 
larva, and often interrupted bn the. flagellated hemisphere (PI. 23. figs. 28 
and.32). 

3. In many cases these maternal cells penetmto and lie among the posterior 
“ granular cells ” (PI. 23. fig. 28, liGO) } ■whea'i^e larva breidcs away from 
the sponge iha nutrient capsule is left behind. 

4. !nie histology of the three cell-elemeohi of thh latvn is m follows 

The flagirikted hemisphert is formed cl flagellated oell8» mayked especially 
iu the live animal by the posseraion at thear postwicn' or innSr poleof a dense 
group of yolk-spheres which are pigm4mted,(iH^{&irit}. .. There is mixed np 
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with these yolk-^ranulos, but more towards the posterior or inner pole, a 
number o£ mitochondria. At the outer or anterior pole of the cell lie a group 
of sfiecial granules doubtfully identified as of true yolky miture. The nucleus 
is small, extremely basophil, and contains a karyosoine. Lying on the 
nucleus is a distinctly marked capsular body, from which the flagellum 
arises ; this body is thought to be the Golgi apparatus (PI. 23. fig. 311). 

Tlie large centrally situated “granular cells(GO in PI. 23. figs. 28 and 32) 
are formed of a niK’hms which stains palely, and contains a coarse karyosome 
and a cytoplasm in which lies a number of grannies, some mitochondria, 
others yolk, and certain others (GX in PI. 23. fig. 31) possibly Golgi apparatus. 
In most cases these large granular c< lls contain fewer yolk-spheres than the 
flagellated cells and about the same number of mitochondria. 

5. The smaller inner granular amceboid cells (or mesenchyme) are 
apparently derived by an inward immigration from the flagellated cells, and 
are distinguished by the fact that they are crammed with mitochondrial 
granules and pos.ses.s very little, if any, yolk. In Graniia wmpressa the 
ampliiblastiila, at the period drawn in PI. 23. fig. 28, generally contains only 
two or three such cells (PI. 23. tig. 30). 

University College, T.ondon, 

October 30, 1910. 
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DESCRIPTION OF THE PLATES. 
Explanation op Lbtterino. 


al,a2,<i3Kstages in passage of collar-cell 
into meaoglea. 

ACssacrosome. 

A Ss archoplasmic sphere. 

BM s basemen t-inembraiie of collar 
epithelium. 

Cacentrosouie. 

COLaacollar of collar-cell. 

EOT 3s ectoplasmic zone of oocyte or 

egg- 

ENDssendoplasmic zone of oocyte. 

FOatsfuture histocytes or collar-cells 
of larva. 

FL 8= flagellum. 

FPN = female pronucleus. 

GA sss Golgi apparatus. 

GAOftsGolgi apparatus of oocyte, 

GAgranular (mitochondria) amoebo- 
cyte. 

GO SB granular cells of larva. 
GOAV=gastral cavity of sponge. 

GOXs future granular (and lower cells?) 
oflarva. 

' GEssgastral or collar-cell epithelium. 

GXs large granules possibly of Golgi 
nature. 

ITsss inner thickening of collar. 

LGCosslower granular cells of larva, as 
distinguished from inner granu¬ 
lar cells. 

M s mitochondrium. 

M &NG SB mitochondria and nutrient (yolk) 
granules. 

MAMssrmacromitosome (“ Nebenkem ’*) 
or middle-piece of sperm. 


MESAmesogleal cells. 

AlPNsamale pronucleus. 

N SB nucleus. 

NCIIssnucleus of collar-cell (choand- 
cyte). 

NKbss drawn-out “neck** of collar-cell 
formed of hyaline protoplasm. 

NSC =s nurse-cells associated with sper¬ 
matogenesis. 

OG a outer fannies of flagellated cell 
(l)Os«ibly yolk of some sort). 

OG A SIS oogonium (young oocyte) formed 
in situ from collar-cell. 

OTasouter thickening of collar. 

OT15t= oocyte, 

PB as polar body. 

PC=first stages of metamorphosis of 
collar-cell int(> germ-cell. 

PE =as thickening of protoplasm on peri¬ 
phery of collar-cell, inside the 
collar. 

Sassperm. 

SCCasspr^rm-carryiiig cell (metamor¬ 
phosed coliar-cell). 

SN aBsperm-nncleus. 

SPAaaspace around, forming spermato¬ 
zoa or nurse-cavity. 

SPT s spermatids. 

VACssvacuolated region of cytoplasm 
caused by entry of sperm and 
flow of materifu to the region 
of entry. 

^rassupposed remains of macromito- 
Bome (MAM). 

Ysa: yolk-sphere or nutrient meta- 
plasmic granule. 


With regard to fixation and staining, the foUowing abbreviations have been used ;— 
F.W.,A.«Flemming’s fluid without acetic add; H.W,A.jnMerxu«iin*s fluid without acetic 
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acid; K.—Kopscb; I.H.=Heidenhain's Iron Alum Haematoxylin ; Oh.K.s=:Chainpy-Kull; 
Alt.esAltmann's stain. ^ 

All figures have been drawn with camera lucida by means of a yV semi-apocbromatic 
oil immersion and compensating eye-pieces. Figs. 2, 8, 6 a, 0, 7. 8, 9, 11-22, and 29-31, 
and 33 were drawn with an 18 compensating eye-piece. Figs. 6 and 23-28 and 32 with an 
8 compensating eye-piece. Figs. 1 and 4 were not drawn to scale. Fig. 10 was drawn 
with a 12 compensating eye-piece. 

The Plates have been reduced, but a 8c*ale is given at the side of Plate 21, which 
applies to all figs, drawn with an 18 compensating eye-piece. Scale to tig. 10 is alongside 
the drawing. Scale to all the figs, on Plate 22 is given at the left side, excepting to 
figs. 29-31 and 33, whose scale is found on the right. 

AVhile PI. 19, figs. 1,4, and 9 are drawn with the camei-a lucida, they are a combination, 
of both Kopsch, Champy-Kull, and Iron Alum Htematoxylin preparations. The same 
applies to Pi. 20. figs. 13, 14, and PI. 21. figs. 18, 22. Every care has been taken, liowever, 
to see that the strictest accuracy has been preserved, corresponding stages in Champy-Kull 
or F.W.A. and I.II. being united with those in Kopsch prepaiations. All the other 
figures are drawu from one preparation only. Jn eac/i case the arrow points to the nearest 
gasiral canity {compare PI. 19. fig. o to illustrate this)> 

Plate 19. 

Fig. 1 A & B. Two collar -cells or choanocy tes drawn and combined from two preparations, 
one by Kopschs method (tig. 2), the other by chrome-osmium and Iron 
Itaomatoxvlin. The smaller granules are mitochondria, the larger yolk-spheres 
(reserve graaules). In tig. 1 A, the nucleus lies on the outer part of the cell, in 
tig. 1 B in the middle; in each the Golgi apparatus is shown at (tA ; in tig. 1 A 
the fiagellum comes out of the latter, in tig. 1 B it passes through or to one side 
of the Golgi apparatus, and reaches to the centrosoine, which lies on the nucleus. 
The collar in tig. 1 B is partly retracted and shows an outer (OT) and an inner 
thickening (IT); in tig. 1 A the collar is stretched out and the thickenings are 
not so marked. On tlie periphery of the cell, at PE, is a denser region of the 
protoplasm. K. and I. II. 

Fig. 2. How of choanocjtes and a young (K>cyte by Kopsch's method. 

Fig. 3. Same, fixed in Hermann-without-acetic acid and stained in Iron ILematoxylin. 

Fig. 4. Choanocyte by Kopsch's method, to show characteristic neck to cell (N K). This 
consists of hyaline protoplasm. The Golgi apparatus (GA) is very cleiirly 
marked, and consists of archoplasm (AS) surrounded by a peripheral layer of 
darkly staining matter (GA). 

Fig. 5. Part of a hermaphrodite sponge which contained ripe oocytes and ripening 
spermatids. The latter (SPT) lie in a special cavity (SPA), lined by non- 
fiagellate cells (NSO) without collars. These cells are probably formed in the 
luesoglea. At GCAV is the gastral cavity lined by choanocytes (GE), and at 
OTE is the oocyte showing ectoplasmic (EOT) and endoplasmic (END) regions; 
this oocyte is just about to be fertilized (S). Note the tails (axial filaments) of 
the spermatids* 

Fig. 5 A. A group of tljree spermatids drawn at a high powder showing nucleus with karyo- 
some, the oentrosome, and the axial filament. The mitochondrial substance was 
washed away. Oajal. 

Fig. 9. Bpemuitozoon drawn ftom an example which has passed into a collar-cell as in 
fig. 9, B. The tail has been added from observation of ripening spermatids, and 
this figure is thought to represent the ripe unchanged sperm of Graniin eompressa. 
At AC is the acrosome. Ch.K. (See footnote on page 279.) 
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Fig, 7. Ordinary axnoaboid cell of the mesoglea of Grantia ; it lien in the xnesogleal fibrous 
tissue (MES). At M are its mitlchondria. There is a distinct ectoplasm. 
Ch.K., I.H. 

Fig. 8. An oogonium of the mesoglea; the arrows point to the nearest gastral cavities. 
Gh.K. 

Fig. 9. Full-grown oocyte of Grantia with nearest accompanying choanocytesi in one of 
which (at S) a sperm has entered. This oocyte shows the typical endoplasmic 
region with the granular inclusions and the ectoplasmic partf* on the left is a 
psendopodium. At M the mitochondria, and at Y the yolk-grannleS| are evenly 
distributed; no animal or vegetative pole could be identified by reason of unequal 
distribution of the cell-granules. Ch.K., LH.^ & K. 

PtATB 20. 

Fig. 10. Oocyte at lower magnification to preceding, showing large sperm just after entry. 
The cell-granules tend to approach the region of entry of the sperm. 

Figs. 11 it 14. Gastral side of oocyte showing sperm-carrying cell lying upon the former; 

in both sperm-carrying cells the nucleus is flattened on one side owing to the 
pressure of the contidned sperm; in fig. 11 the sperm will enter middle-piece 
forwards, in fig. 14 middle-piece backwards. The ectoplasm in the region of 
entry of the sperm is interrupted. In fig. 11 yolk is not shown. Gh.K. 

Fig. 13. Sperm just entering, ocrosome first. Shcms protoplasmic continuity between 
sperm-carrying cell and oocyte. Gh.K. 

Fig. 13. Later stage, polar body at PB, and female pronucleus growing (B'PN). Sperm- 
path marked by pale chromophobe area (VAG). Note laige size of mitochondria 
(M). Macromitosome of sperm disappeared^ hut may be represented by granules 
at .r. Gh.K., IH., & K. 

Fig. 14. See description to fig, 11. Gh.K., I.H., & K, 

Fig. 16. Flattened sperm-bearing coll, which was compressed by egg, and so looks abnor¬ 
mally laige. Its nucleus is of the open type. Gh.K. 

Fig. 16. Sperm just after entry; its cell-wall has disappeared, macromitosome still complete, 
and sperm-cytoplasm furred at edges but still distinguishable from egg-cyto¬ 
plasm by its greater chromophriity and stringiness. Acrosome pale. Nucleus 
nearly spherical and has grown. Sperm-carrying ceil at SGG, with open 
nucleus. 

Fig. 16. Stage in fertilization after that in fig. 13. The sperm cell-wall has disappeared and 
its stringy cytoplasm is still distinct from that of the egg. The acrosome (AG) 
is becoming faint. Gh.K. 

Fig. 17. Later stage just after breaking up of spenn middle-piece or macromitosome (MAM). 

This preparation was fixed by Champy-KuU and stained by Heidenhain’s Iron 
Alum Hfismatoxylin. Note that nudei of sperm-carrying cell (SGG) and those 
of choano<^tes (NCH) stain alike. Ch.K., l.Hr 

PxiAm 21. 

Fig. 18. The two pronuclei side by side prior to last sts^ of fertilization., Note oven dis¬ 
posal of inclusions (M k Y). The sperm-carrying cell (SCO) is degeneiating in 
this case. Yolk added, &om another preparation at a similar stage. Ch.K. k K. 

Fig. 19. Two-cell stage, showing even disposal of mitoehoxidria. XJp^ bhistomere not out 
across middle. Ectoplasm evenly divided. CKK., 1 Jl. 

Fig. 20. Four-cell stage, showing continued subequal distribution of the mitochcmdrla and 
of ectoplasm. H. ^.A., I.H. 
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Fig« 21. Blastula just before differentiation of flagellated hemisphere (see PI. 22. fig. 27). 

The fine mitochondria, still visible but staining less well, lie around the nuclei. 
The yolk is not shown. A.t GAM is a granular amcjeboid cell. Judging from 
the contour of tiiis blastula, the future flagellated hemisphere will differentiate 
on the light, and away from the nearest collar-cell. Oh.K., l.IL 

Fig. 22. Younger blastula showing even segrtjgatiou in each blastomere of yolk-spheres and 
mitochondria. The ectoplasm is .slightly larger in quantity on the right than on 
the left. The yolk-spheres have been added from another preparation prepared 
by Kopsch’s method. Ch.K., l.IL, & K. 

PlJkTK 22. 

Figs. 2*% 25, & 26. Parts of flagellated gastral epithelium, showing at PC and OCA two 
stages in metamorphosis of collar-cell into oogonium. Ch.K., Lli. 

Fig. 24. Part of flagellated gastral epithelium showing immigration inwards of collar-cells, 
al, tf 2, it rt3, into the mesoglea. Ch.K., I.ll. 

Fig. 27. Diffmentiatijig aniphiblastula, showing future flagellated cells (FC) and future 
lower and granular cells (GCX). At GTE is a young oocyte in growth-^tage. 

Plate 23. 

Figs. 28 & 32. Two amphiblastula larvae, for description of which see page 266. Ch.K., 
I.H.. and Ch.K., Alt. 

Fig. 29. Maternal nutrient capsule-cell (LOC in fig. 28), showing irregular and numerous 
initoclmndria (M). Ch.K., l.IL 

Fig. 30. Inner ammboid granular cell (GUM in fig. 28) showing dense numerous mito¬ 
chondria. 

Fig. 31. Granular cell (GC in fig. 28) showing scattered yolk-spheres (Y), mitochondria (M), 
and what are possibly Golgi elements at GX. Ch.K., l.H. 

Fig. 32. (See legend to fig. 28.) 

Fig. 33. Flagellawd cell or histocyte showing four cytoplasmic elements. Mitochondria 
(M), yolk (Y), Golgi apparatus (GA.^), and outer ‘‘yolk” granules at OG. 
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The Fragrance of Oalcinean Sponges and the Spermatozoa of Guaneha 
and Sycon, By G. P. Bidoeb, Sc.D., F.L.S. 

(Pr.ATB 24.) 

[Read 6th May, 1020.] 

In collecting the characters which indicate that two completely separate 
groups of sponges have spicules of calcite, I stated that in Oalcinea “ most 
species show varieties which are coral-red and sulphur-yellow,” while in 
(yalearoneii ‘^the 8[)onges never show a coral-red or sulphur-yellow colour” 
(1898(;, p. I would now suggest the possible additional group- 

characteristic of odour. 

The scent from freshly-gathered Olathrinidse is very noticeable. To me it 
is stimulating and pleasurable, it has always recalled the ozone from an 
electric discharge ; the suggestion is aromatic, it is perhaps possible to find 
a faint association with garlic. (The efiloresconee of dry-rot—curiously like 
(fmnrlia coriacea or Aacaltis reticulum in appearance—has a similar smell.) 

The odour of Lencandra aspera^ Sycon raphanus^ and Grantia compressa, like 
their colour, is much less noticeable than that of the Olathrinidse. Probably 
the cause of the difference in odour is to be sought in the cause of the 
difference in colour, that is, in the excretory granules of the cells of the skin, 
a groat part of which is soluble in distilled water, alcohol, etc. (1892 6, 
p. 482), (See Note C, in/m, p. 317.) 

I suggest that the advantage of the scenting of the water near the sponges 
is the production of cheniiotaxis in spermatozoa from sponges of the same 
species. The water of the sea must contain the spermatozoa of all the phyla 
which inhabit it, and these will be borne in with other suspended nutritious 
particles by the afferent currents of the sponge. But these currents are very 
slow—in Leucantlra aspera^ from my measurements, about 30 p a second at 
a distance of 2*5 cm. from the sponge surface,—and directed progression 
by spermatozoa of the species would therefore in still water importantly 
increase the proportion of them which enter the sponge. Church gives 
data for velocities of antlierozoids ranging from 100to 300 /a a second 
(1919, p. 5). 

Are there flagellate spermatozoa in Oalcinea? PoI4jaeff (1882) described 
them in Calcaronea, but I have not seen the pulselium-tailed spermatozoa 
which he observed. Figs. 1 and 2, PI. 24, show a free organism in a live 
section of S. raphaaus tropus aquariensis^ which may or may not have 

* For references to works quoted in this paper see p. 625. 
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belonged to the sponge; the tail was sti£P*. Figs. 4^ 5, and 6 represent 
the emergence from [or entrance into] gonocytes in the cloacal wall of 
S. raphanus aqmriensis of curious spherical cells with protruding button-like 
nuclei, which I call “dolly-cells,” from the shape of a washerwoman's 
“ dolly ” of blue. These cau be seen in some preparations in great numbers, 
and I suppose them (1892 i, p. 479, footnote) to be spermatozoa in the 
antecedent [or subsequent] stage to figs. 1 and 2. It is difficult to think of 
any alternative explanation; the contents of the gonocyte-like cells from 
which they emerge are spherules each with a staining-spot (fig. 4), 
undoubtedly not falciform, so that if the “ dolly-cells ” are parasitic they 
are certainly not Gregarines [see Postscript, p. 302]. 

The organisms in the chambers of Gruntia compressa which I described as 
Algae (1895, p. 31), Dendy (1914) has rediscovered as sperm-inorulse; and 
the objects which I identified as fmees from the collar-cells (1895, p. 18, 
fig. 13) he conjectures to bo clumps of spermatozoon-heads (1914, fig. 93); 
but these new interpretations seem improbable t, and we are left to rely, on 
PolejaefPs observations (cf. infra, St/nerj/ptd spongtarum^^^ p. 305, and 
Note D, p. 319). 

For the Oalcinea, Vosmaer (1887, p. 412) observed a sperm-bal) in an 
Ascon, and I have sketched similar structures (see next pajier) in Clathrina 
clathrus ; but the objects drawn by me might have been an alga, like that 
observed by me and by Dendy in Grantia compressa. They are closely the 
same size as the “ inorulse ” drawn by Dendy, and the following observation 
is against their being spermatoblastic. 

In the Calcinean Guancha eoriaoea tropus primerdiaUs, I was fortunate 
enough to observe, pouring out in a cloud from one part only of the sponge- 
wall, a number of similar objects (PI. 34 . fig. 7) which are difficult to interpret 
except as spermatozoa. Unfortunately the preparation was in iodine and 
sea-water, so that it is impossible to say what was the mobility of the 
organisms, but their appearance suggests that they are more wriggling than 
swimming organisms Reference to Minehin^s figures and description 
(1897, p. 499, figs. 17, 19, and especially 41) shows identity of shape and 

* These two figures are drawn from the same object. Fig. 3 is sketched from a smaller 
stifi-tailed organism found free in the fiagellate chamber on another occasion. 

t Dendy’s drawings, as always, convince anyone who knows the material of their absolute 
fidelity. I feel no doubt from his figs. 83 and 84 that his collar-cells actually fed on the 
alga which 1 was unable to follow further than the finding single monads inside the 
collars. He will be interested to note in my paper of 1895 that I recorded the fonr-celled 
stage of the alga which he (p. 364) found unaccountably abs^t; it was without covering- 
cell, as are his figs. 86, 88,99,90,91; the four deeply^stained spherules lay imbedded in a 
sphere of transparent substance, rather more plentiful, proportionately, to the spherules than 
in Dendj’s fig. 89. Fig. 84 closely resembles a sketch I have of a collar-cell which has 
ingested a large starch-grain. 

:) [It is of course possible that they develop a fiagellum after extrusion.] 
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size between the individiiiils of this erupt cloud and his ‘^minute wandering 
cells” in the siibshmco of the sponge-wall. Ho concluded that these 
reiuarkiiblc little ctdls, sometimes spherical but more often elongated, arise 
by the repeated division of clear ainnohocytcs.^^ His observation also was 
on Guancha (^Clatlnina) coriacea, (Note A, infva^ p. 315.) 

Ever since 1^*87 it has boon an unsolved puzzle to me why excretory 
granules should he localised about the atferent pores, through which the 
whole supply comes on which the sponge’s life is based. i^Hnchin points out 
this ditficulty (1897, p. 527) as applying to the pore-cells, though not to 
the oscular porocytes and a|)ical-ray cells. But through the afferent pores, 
besides oxygon and food, must enter what is (on ordinary assumptions) 
equally important for the survival of the species, namely spermatozoa. 
I suggest that the odoriferous nature of the excretion of the porocytes 
attracts the spermatozoa of the species which fall on the surface of the 
sponge, so that they make their way to the pores themselves and enter 
through their lumen into the flagellate cavity, and that this is the advantage 
of tli<j extraordinary position of these excretory cells. It will be remembered 
tliat similar colls are also aggregated at the other opening into the flagellate 
cavity, on what I called in Ascallis cerebrum (1891, p. 3) “the granular 
li[)” and Minchin (1897, p. 495) “the oscular rim.” (Note B, m/m, p. 316.) 
The employment of an excretion to serve a useful purpose gives explanation 
of the origin of many new organs throughout the animal kingdom, and I have 
elsewhere (1892 6 and (Z) suggested that the skeleton of tho horny sponges 
has its origin in the same granules of these excretory cells*. The utilisation 
of the odoriferous properties of an excretion, both to repel and to attract, are 
well known in higher animals. 

In regard to the fainter smell of the Calcaronea, it will be remembered that 
in this group, even in Leucosoleniay “tho pylocyte is annular and generally 
lies at the bottom of a tunnel-shaped depres.sion or afferent canal ” (1898 c, 
p. 73). Minchin (1908, p. 323) declined to see any difference in shape 
between the pylocytes of LeucosoUnia and Clatkrinay though his drawings 
illustrate it admirably ; hut he confirmed the funnel-shaped depression in the 
former. This, and the commonly rougher surface of LeucosoUnia^ suggest 
the possibility that (Jalcaronea have free-swimming spermatozoa, and Calcinea 
have anuebuloid spermatozoa, and that the pylocytes which lead from the 
funnels of LeucosoUnia or the deep afferent canals of Sycon and Leucandra 
are not noticeably granuliferoiis, because the spermatozoa of ihese genera 
remain swimming anti do not creep. If this be true, it is only advantageous 
for the spermatozoa of Calcaronea to be attracted by the granules of the 

♦ Cotte (1903, p. 602) opposes this view very strongly, maintaining that apongin is a 
molecule of high energy. But whatever energy can be proved to have gone into the spongin 
molecule is in a completely unavailable form, for there are few more stable substances 
known. 

UNK, JOtyRN,~ZOOl.OGY, VOL. XXXIV. 
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external epithelium within the zone of the currents entering the dermal pores, 
and once they are in this zone, it is desirable by fur of spicules and by 
inpouching of aflereiit canals to shelter the still swimming visitor from the 
chance surge of a current over the surface. On the other hand, it is possible 
that the ainmbuliform characters of Calcinean spermatozoa, in so far as it is 
general, has limited the modifications of ("anal-System in this group to those 
which facilitate entrance to a “ minute wandering cell fallen on the outer 
surface and creeping towards an odoriferous pore*. 

Whether or not there be this difference between the male elements of 
the two groups, I venture to propose for serious consideration that in sexual 
sponges the excreted granules of the external surface and pore-cells have an 
important function in inducing cheniiotaxis in the spermatozoa from other 
individuals of the species. This would be useless to sponges in a tidew^ay, 
which must take their chance of extraneous fertilisation, but live in the best 
circumstances for nutrition and asexual growth. It would be of the utmost 
advantage to a solitary sponge in a deep cave of still water, where unfavour¬ 
able conditions make the stimulation of a foreign gamete most desirable. 

It would be strange if, in all the hundreds and thousands of species 
recognised by some modern authors, the ova of every sponge should refuse 
absolutely to unite with the spermatozoa from a sponge, the size of whose 
microscleres proved that his place is in a different paragraph of the ])age. 
I am not aware of any evidence whatsoever as to the limits or extent of 
crossing in sponges. j4 hybridisation must play a great [>art in the 

characters we laboriously tabulate. 

It is strange in any case to consitlor that the selective power of a sperma¬ 
tozoon, adrift in the North Sea, must often bo as highly developed as that of 
a lied Admiral butterfly. Somewhere in that infiniiesintal body we must 
picture the mechanism for this reflex, as well as the heritages to be trans¬ 
mitted to every part of its giant offspring, the zygote. 


Postscript. (September 1920.) 

Spermatozoa of Si/con raphanus and fertilisation of the ovum. 

Professor Dendy and Mr. Qatenby each suggested to me that, if the dolly- 
cells are spermatozoa, my drawing.^ may represent their entrance into the 
gonocytes instead of their exit from them. 

This suggestion I now accept, as also that 0f Mr. Gatenby, that the stained 

* Since this paper was read, Professor Dendy has kindly shown me the collar-cells of 
Leucosolema $tolomfer, Dendy (1891), and 1 have come to the conclusion that this most 
interesting species is an aberrant Cidcinean (see 1913 h, p. 718). It has assumed, however, 
not only the outward form of Leucowlema^ but also the afferent funnels; therefore, if my 
view of its position he correct, it hears evidence against the above suggestion, and in favour 
of the advantage of the funnels being a hydro-mechanic advantage. 



tud/cLer 


•NN-Soc. Zooj, VoL XXXIV M 24. 


‘ioUHM L 





SPERMATOZOA IN 


SPONOES 


CMnl>rldgeUmwgMityPr«,a 




SPERMATOZOA OF GUAICCHA AND SYCON. 


303 


spots within the spherules of the gonocyt^s are probably artefact. In some 
cases the spherules are indistinguishable except in number from those in the 
smaller unripe ova underlying the collar-4'lls, the spherules which I have 
shown (1895, p. 30; 1892 h, p. 477, fig. 4) \\ be the basal spherules of the 
collar-cells, withdrawn through the pseudopc^ia of the ovum for its susten¬ 
ance (cf. Dendy, 1893, pp. 221, 222, fig. 50^1914, pp. 328, 344, fig. 48). 
The subcloacal gonocytes (gland-cells of Dejily, 1891, fig, 26) are ova in 
the process of being fertilised through a liicropylar pseiidopodium per¬ 
forating the pinacocytal epithelium {c/. 1891, fiffs. 36, 37; 1914, 

p. 325). I have added figs. 5 and 6 (PI 24) I) show the structures more 
clearly, but must postpone more detailed descri]\on and discussion to another 
paper. The difference is very startling fron^^he fertilisation under the 
collar-cells of Grantia vompressa through the in^rVention of a nurse-cell, as 
described by Mr. Gatenby and accepted by Prob^^r Dendy at the Linnean 
Society (Dec. 11, 1919), and implies an unexpecti^^ enealogical separation. 

The organism of figs. 1 & 2 (PI. 24) was measr^^^ 67/4 greatest x 4*6/x 
smallest diameter, button 2*2/i^x l*6/i, tail 6/i. w^o4d therefore he about 
oiie-third the volume of the dolly-cell, which is 8 /xito 1);^ in diameter, with 
spherical button-nucleus 2*4/x to 3*6/x. The different is large, but not 
beyond the possibility of difiering nutrition. In eacdi the cell contains 
one or more large clear bodies, which Mr. Gutenby poiribSut to me would 

correspond to mitochondria or middle-bodies, if these are v»rmatozoa_for 

the present I will give them the non-committal name of ‘ ains.*' These 


grains and the button-nucleus appear to me to identify the^ with 

the organisms of figs. 1 & 2, Fig. 3 I have added merely \ record of 
fact, for those who have reason to believe in an altogether si A sperma¬ 
tozoon ; though the tail was 8'0/x long the body was only meter, 

or the bulk of a dolly-cell. [Identity of fig. 1 and dolly pro^ \\ * 25.] 

The stained object in the ovum (under the nurse-cell) of DeL*“'^^ 52 

(1914), which, as I understood Professor Dendy to state on e 

now considers to be the male pronucleus, measures 2*4 /ax 1*1/a, / s 

fairly reconcilable with those of the button-nucleus alike of figs^^ 
of the dolly-cells. (The latter show often a second nucleus, with 

of] 

EXPLANATION OF PLATE M. j 

0 SS cloaca. dolly-cell. <?s:cloacal epithelium (pinacocytes). \ 

(choauocytes). /.o.=cavity of flagellate chamber. ^=gonocyie."^"m==me 8 ogloe*^ 

The observations were on Naples sponges; the time of year is given at which the 
was taken. 

Fig. 1. (X about 1800.) March 24. Sketches in different positions of an organism foi 
in a living section of S^an rapAanus t. aquarienm in bismarck brown. No |N 
of this organism was stained by the brown. The stiff tail was about i/i thic^ 
being noti^ as twice the thickness of the flagella of the collar-cells. 

23* ^ 
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Fig. 2, The same, sketched with a high* eje*piece. 

* Fig. 8. (X about 1000.) End of hi^h or early April. A similar stiff-tailed organism 
with smaller body, in taiof&r liring preparation of tlie same species and trope. 

Fig. 4. (x about 600.) Jan. 20. Smjion through part of the cloacal epithelium (e.e.) of 
S, raphanus t. agfMrien$Mi\led in iodine, overstained in borax-carmine, five 
gonocytes are shown (f/M and four ‘^dolly-cells ” (rf.df.). At (c.c.) the section 
cuts the wall of a fiagellTe chamber. [A dolly with stiff tail since obsei-ved.] 

*Fig. 6. (x about 1800.) Similar/ reparation killed in osmic acid, stained with aqueous 
methyl-green. The gor wjyte shows a ‘ germinal vesicle ’ with ‘germinal spot,* 
and contains some sccy s of spherules of var}'ing siae stained only in spots at 
their centres. The sp^ deal cell with a knob (“dolly** from its likeness to a 
washerwoman’s dolly' if “blue”) is emerging from [or entering] the gonqc}te, 
and is half-way throj/ i the epithelial cell. The linear dimensions of the dolly 
and its knob are oh/ | those of the knobbed body in fig. 1. January. 

•Fig. 6. (X about 1400.) Aj ier gonocyte and dolly-cell stained with hmmatoxylin and 
methyl-green, m 24. 

Fig. 7. (X about 2200.) Jr 13. Spermatozoa (“minute wandering-cells** of Minchin, 
“ cercids ** of N/ t, m/r«, p. 316) of Gmncha coriacea t primordiaHs* Sketched 
from a prepara^ ^ of iodine in sea-water, the granules (shown in two of the 
outlines) w#p yellow with the iodine. No spermatozoa were found in the 
preparation f^Bepll where this cloud poured out. 


[• These ^ires^ere added since the paper was read. 


See Postscript, p. 303.] 
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Syncrypta spongiarum^ nova By G. P. Bidder, Sc.D., F.L.S. 

(With Text-figures.) 

[Read 6th May, 1920.] 

In discussing the natural food of Grantia compressa (1895 1, p. 31, cf, anie^ 
p. 300), I wrote:—“In another specimen there are lying freely in the 
chainber.s several specimens of what appears to be an alga, one sphere of 
four cells, one [)robably of sixteen ; al&o lying inside the collars of different 
collar-cells are several isolated spheres, of about the same size as the 
individual cells of the larger spheres and similarly stained.” My rough 
MS. sketch of the sjdiero inside the collar (fig. E) when scaled by the 
dimensions of the collar-cell gives the diameter of the “isolated sphere” 
as 1*5/i. The “sphere of four cells” (fig. A), assuming that each “cell” 
is 1*5/X, has an external diameter of 7 /a. (See Text-figures, p. 308.) 

Our knowledge of this organism (but under the title of sperm-morulae) 
has been greatly increased by Dendy^s beautiful drawings (1914, pi. 26). 
Mr. Gutenhy's paper, read at the Linnean Society on December 11th, 1919, 
gave a totally different account of the si)erniatozoa in Grantia^ which 
in the siibsec|uent discussion was accepted by Professor Dendy ; we may 
therefore consider the explanation of the organisms as sperm-monilse to be 
withdrawn. Their identity with the objects seen by me in 1895 is shown 
by their situation, their binary multiplication and coherence, and their 
dimensions. The external diameters of the eight-celled stages of Dendy’s 
fig. 83 and fig. 86 are 6*4 and 7*0respectively, the diameters of the 
splicrules composing them being 2*1 and 2*4 p ; while the diameter of 
tlie spherules in fig. 90 (16 cells) is l'3/i., and the external diameter of the 
16-ceIled stage in fig. 92 reaches 10p. The sub-conical elements in liis 
fig. 89, each bearing two S})ots (these are shown in four out of the six monads, 
see fig. H, infra, p. 308), are extremely like the published figures of Flagel- 
lata, and there seems no reason for any further hesitation in assigning the 
organism to this group. I understand from botanical friends that I shall not 
find in the literature a specific name for tliis organism, and that of spon^ 
giarum seems to suit the circumstances. 

Since sending in this manuscript, I have observed at Plymouth that the 

• ColonifB globosce, 3-12/* diam. extern., e cellulia 4-8-16 aureo-brunneis in gummi 
conimuni immersis compositie, interdum cellulee solitariae, 0*5-3 #* diam., piiiictis (ocellia 
dictis) binis et pyrenoideo maguo instructse. 

Hab. in Qrantm com;>mc/e loculis flagelliitis in portu ‘'Plymouth,” mensibus Dec., Jan., 
Apr. (et JuL P). In mari niediterraneo coloniie etiam e cellulis 32 conipositaQ obveniuiit. 

t For references to works quoted in this paper, see p. 325. 
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colour of the spherules in the fresh state is golden-brown; the organism is 
therefore to be assigned to the Chrysomonadinea?, of hich Syncrypta appears 
to be the genus whose colony and monad agree most in form with that 
observed, and this genus also shows a paired spot. In the new species the 
monads are separated by interstitial jelly as in Uroylenopsisj but the shape 
and symmetry of the individuals are as in Syncrypta ; in Syncrypta also the 
16-celled stage alone is figured by authors^ whereas Uroglenopsis is shown 
with 64 cells or upwards. The linear dimensions of spongiarum are one- 
fourth those of Syncrypta vohox^ and tho outer coating of jelly is less ; both 
these characters may bo associated with the marine habitat. Tl)e small size 
precludes a statement as to presence or absence of fine needles in the jelly. 
1 observed five 16-celled spheres in living collar-cells of Sycon aliaiunu 
an 8-celled sphere in a flagellate chamber of Grantia compressa, all of 
diameter 3 ^/a to 4 /a; the constituent monads appeared to be uniformly 
brown spherules or polyhedra, smaller and more separated than in the 
stained preparations. Possibly only the chromatophores were visible. 

Neither Deiidy nor I have observed at Plymouth multiplication l)eyond 
16 ceils, Dendy’s fig. 93 being identical with my fig. 13 a, of which I wrote:— 
noticed also in other sponges there arc in the chambers large masses 
containing hundreds of trans[)arent globules (fig, 13 a) laden with small 
detritus. While their individual size and appearance strongly suggests 
ejecta from the cells (cf. figs. 4 & 10), their large aggregate mass makes 
this supposition difficult without stronger evidence (1895, p. 42). This 
detritus was observed in enormously greater quantities than the comparatively 
rare spheres of Syncrypta in sponges of the same date, and even if my 
explanation of it as cell-ficces were incorrect, it cannot be supposed to be 
derivative from the 4-, 8-, lu-cell stages. (Note JJ, p. 319.) 

I propose, therefore, that the organism be assigned to the genus Syncrypta 
until an expert removes it, and put forw^ard the following brief diagnosis :— 

Syncrypta spongiarum^ nova.—Spheres of 4, 8, and 16 golden-browm cells, 
and isolated monads, found in the flagellate chambers of Grantia compressa 
at Plymouth ; external diameter of sphere 3 to 12/a. Diameter of monad 
^ to 3 /i ; it has a pair of eyespots and a large pyrenoid. The amount 
of inter-cellular jelly is considerable. In the Mediterranean, 32-c6lI stages 
also occur. Observed in December, January, April, and(?) July. 

Dendy’s fig. 82 and fig. 85 suggest die correctness of my conjecture as to 
the collar-cells feeding on the SyneryptOf [which the observations recorded 
above have since verified on the living sponge] ; it is possible that Syn-> 
crypta may in some circumstances' survive the process and propagate itself 
in the tissues of the sponge. 

* [It hits become evident also that the brown spherical dotted globule ^ of fig. 1,0, infra^ 
p. 318, was an ingested l^ncrypta sphere.] 
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In Urban^s interesting paper (1910 r, p. 42) he describes red algao living 
syinbiotically in Claihrina at Naples Jn the niesoghi^a he finds round red 
cells, 7 fi in diainettn*, giving rise by binary fission to ellipsoid cells 5 /x by 4 /a, 
which heconio sojiarate spherical cells like fhe parent. Alter solution of the 
red pigment by distilled water, the cells are green. 

It appears j^ossible that the Bperinaklumpendrawn by Vosinacr (1887, 
pi. 29) may be a further stage in the life-history of these cells. o£ Urban. 
Scaling Vo.smaer^s fig. 4 roughly from the collar-cells, the diameter of his 
sphere is about \4 fi, or rather less if we allow lor preservation in absolute 
alcohol t. As briefly mentioned {ante, p. 300), 1 obse.rved a number of similar 
bodies in Clathrina clathrus at Naples (Jan. 3rd). Examined fiesli under 
the microscope in luemaioxylin, they stained strongly and readily before any 
of tlu^ other tissues ; a sj)here of about 32 cells wa> drav\n (fig. J)) J as well 
as one winch may have been the id-cell stage (fig. 0). In the latter the 
ext(‘rnal diameter was measured to be 11 and the diainebn- of the stained 
spherules in the former the external diameter \Nas 8^^ and the 

diameter (>f the s[iherulos ]*2/i. It wdll he seen that whether or not tluise 
resulted from Urlmirs symbiont, they, as w(*ll as Vosmaer's sperm-ball, show 
no ditlereuce from the ^t/nciypta qyotxjiarani of ir. rohipr^'ssa ; and Vosniaer's 
observation (/. c*. fig. 5), that a sphere of presumably 10 cells was enclosed in 
the tissues of the sponge, suggests that they are derived from the mullipli- 
cation of c<*lls in the mesoghea, such as is described by Urban. 

Y^ellow’ bodies'’were found by Dendy in his Learosolenia ijardiuevi —a 
clathrinid fiom 10 to 14 fathoms deptli in the (Jhagos Archipelago and 
“closely related to ... . LeucosoUma {(luflinna) roriumi” (1913, ]>. 5). 
He writes (p. 0) :—“The idea that the yellow bodies may be .symbiotic algo 
also naturally suggests itself, but their chemical reactions and the fact that 
they contain no nuclei appear to me fatal to this view.*' It i> remarkable, 
however, that the size of these yellow bodies {“ 004 to *000 mm. in diameter/' 
p. 4) is that of the bodies idcntifieJ as .‘•ymhiotic algo by Urban, wiio also 
ligures them as uniformly ])unctated circles in his diagram of a section; 

• I will preclude at ouce the uaturnl conjecturt^ that the red varieties of ^^Ascetta pri- 
morrfjVi/w” {OumefM coriacea), described hy Mincliiu. 1892 c, p. 1C, and myself at Naples, 
are due to the same cause. The colour in these cases is due to tlie granules in the porocytes 
and other ectocytes, of which I have given a description (1892 p. 4S2). 

t 1 have measured this on the original drawing, which my regretted iriend Professor 
Vusmaer gave me in 1888. In Pronns ])late the size of the .sperm-ball is slightly 
exaggerated, and a definite circular outline is added, not shown in the pencil drawing, in 
which the shaded outline is somewhat polygonal. 

X There is a curious hilus shown near the bottom of this figure ; 1 do not kno>v if this is 
the blank space” to which Hartog refers (1906, p. 127) as in Volvo,v marking the onginal 
lip of the plate of cells which has bent into a sphere. (Pig. II after Deiidy corroborates this 
view.) It suggests also the " slight thickening in the enveloping membrane ” observed by 
Pol^jaeff in the **bpermospore^^ of Zeueo8ole?H(t poUrium (16S3, p. 33). 




Explanation of Textrfigwrn, 

Figs. A-G are uniformly drawn to a multiplication of 1^50 diameters to be comparable 

with Dendy's plates; figs. H-M are X 8000 diameters. Figs. B and H are after Bendy; 

figs. I and K td^er Robertson. 

Figs. A~E. Syncrypta ^pongiarttm (A and B), 4- and 8-*celled stages from the flagellate 
chambers of (?. compressa ; (0), 16 {P)-celled, and (B), 82-celled stages from 
the fiagellate chamber of Cluthrina elaikrm t (£)> single monad in the coliar¬ 
cell of G, compressa (the cell is very much contracted and distorted in 
preservation). (A, E, Plymouth Bee. 14; C, B, Naples Jan. 3; B, H, Plymouth 
Apr. 24.) 

Figs. F-G. Pylocgrtes(F), of 8. raphanus 'which had been fed with staxeh until cessation 
of the current; (Q), of G, compressa (the collar-cells are in active division). 

Fig. H. The 16-celled stage of Syfwrypta spongictmm enlarged, for comparison, firom 
Bendy*8 fig. 89. 

Figs. I-M. Ingestion of monads by collar-cells of Qathrinid®(I), foreign body” 
(JEiobertson and '^^inchin, fig. 48) in a collar of Guancha oonooea; (K), 
enclosure,.... perhaps of a parasitic nature” (Robertson and Minehin, 
fig, 86) in collar-cell of the same sponge; (L), '^chlorophyll granule?” 
enclosed iu a collar-cell of Ascaltis cerelarvM ; (M), a pyrenoid enclosed in a 
neighbouring cullar-cell of the same iqponge. 
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though “iu the centre of the cells there is seen clearly in life a roundish 
structure, probably a nucleus, or still more probably a pyrenoid/’ * If the 
material were identical, Dendy, having dealt with it only in the preserved 
state, would presuiiiably obtain only the conditions figured by Urban, with¬ 
out evidence of the nucleus or pyrenoid described in the fresh cell. 

The resemblance of Dcndy^s figure to Urban’s is striking, many of the 
cells are adhering in pairs, and many (not all) of those pairs are noticeably 
smaller than their neighbours; one pair (at ‘2 o’clock’ of the drawing, 
14 mm. below ‘‘ep.^’) show^s the adpressed elH}>.soid form of the twins 
figured by Urban, the diameters of the ellipse being 4 and 3/x,. Jt is worth 
mentioning also that in the plate I he ratio of the dianiotors of the largest 
yellow bodies lo the smallest is about as 4:3: that is, about as ^/2:1, or the 
ratio of the diameter of a sphere to that of one of two equal spheres formed 
from it. 

The ])resumption appears strong that the organi^'m drawm by the two 
authors is and the same; if so, Dendy’s view' that the bodies are meta¬ 
morphosed collar-cells is contradicted by Urban’s observation of a normal 
layer of collar-cells covering the yellow bodies and showing no sign of 
degradation. 

Both authors found their cells resist caustic potash; both found a spherical 
w’all with granular contents (I know of no observation of a resistant cell-w^all 
in oollar-c(‘lls in any stage of in( tamorphosis). Dendy’s yellowish colour” 
may well be Urban’s “griine Farbe” differently treated and viewed by 
different eyes (Urban state.*^ that in other Naples (llathrinidfe he has “orange- 
gelbe, schwefelgelbe, und griiiie Farben oft goniig gefunden,” but I never 
saw a Clathrinid at Naplo.^ I sliouhl have described as green). 

There is strong resemblance between the descriptions and figures of these 
cells in Clathrinids by Urban and Dendy, and the descriptions and figures 
by Schulze (1879 ?>) and Polejaeff (1884) of “ brown spherical algae from the 
outer layer of a Ilircinxa variahilU ” (1879 p. 38). The spheres are drawn 
by Schulze in diameter and by Polejaeff* 8/a and 9;^, described by 
Schulze 6/A to 10/i. They have a cell-wall and uniform granular contents, 
and give tiie sponge a red-brown colour (1879 />, p. 25). The only differences 
are : (a) some of the cells attain a diameter 2 in excess of any observed by 
Urban and Dendy ; (fi) Schulze describes the colour as “ violettbrauner,” 
whereas Urban found hi.s cells “ von eigentiimlich rotlicher Farbung.” 

It appears, therefore, that Syncrypta spongiarum is found in all stages from 
4 to 16 cells, and as isolated monads, in the flagellate chambers of Gra^tda 
eompressa at Plymouth, where the collared cells ingest it. Its 16-and 32- 
celled stages appear in the flagellate tubes of Mediterranean Clathrinidse, 
where they have been figured as sperm-balls, and there is some evidence that 
these stages are formed within the ine*sogl(»a of the Clathrinid. On the other 
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hand, a parasitic or symbiotic spherical cell, containing a greenish-yellow 
and a red pigment, has been found in the mesoglooa of two Clathnnidwy one 
at Naples and one in the Chagos Archipelago, and is frequent in Uireinia, 
The whole cell is of nucleoid (but not nuclear) character, in a cell-wall which 
resists caustic potash ; it multiplies by binary fission, the daughter-cells 
separating completely. The cells before division are of the same diameter as 
the multicellular spheres of Syncrypta »pongiaTum^ and contain pyrenoids. 

The only indication of transition in tlie mesoglcea between Urban’s dividing 
but separating spheres and Vosmaer’s coherent colony of 16 spherules, is 
Vosinaer^s statement fp. 412j that he can vouch for the truth of Polejaeff^s 
description (1882) of the “ spermakluinpen arising from the binary division 
of a spherical cell in the inesoglcna. The context, however, rather sugg<‘sts 
that this means merely that Vosinaer had inspected Polejaeff^s preparations ; 
and as these are in the [lossession of Professor Dendy, I leave the discussion 
of them to him. It is interesting, in connection with the parasitic cells of 
Hircinia^ to note that Pol^jsielT remarks in another paper (1883, p. 33) on 
the strange similarity between the sperinospores of Keratosa and those of 
Leacosolenia and Sycon raplianus. It is more remarkable in his monograph on 
Keratosa (1884, p. 72) to find that Verongia has “ sperinos[>ores,” like Sycon^ 
with a covering cell, but Carieriospongia ‘•sperm-balls,^’ like Oscarella^ in 
endothelial cavities as described by Schulze. The “sperinospores’’ are 8 g 
to 10 in diameter, shrunk away (?) from the “covering-cell,” which is 
14/t to 16 ft in diameter ; but the “ spermospore ” shows up to 90 black 
dots—vindicating some 150 if it be a hollow sphere. (Note D, j). 319.) 

HaeckePs “ Samenballen ” (1872, Taf. 48. fig. 8 ) measure 20 and 27 ft 
across, but no later author describes any object of similar appearance. 

Dendy's fig, 87 shows, in ray o^nion, a pylocyte in which a 16-cell sphere 
has jammed. It must not be inferretl from this that only monads can enter 
the flagellate chamber. Fig. F shows a pyloeyte from Sycon raplianus widely 
open and choked with starch grains, Tho sponge was killed after 5 minutes’ 
feeding; it will be seen that its diameters are 12 ft X 10 ft. In Grantia 
compressa (fig. G) the pylocytes are almost exactly the same size—from 10 to 
13 fi in diameter. There is, therefore, room for the 7 ft spheres to pass, and 
it seems certain that those in the chambers of this sponge have so passed. 
Dendy writes (1914, p, 324):—“I have found tliem, not only in the chambers, 
but also adhering to the outer surface of the sponge and in the inhalant 
canals, though, except in the chambers tiiemselves, only in very small 
numbers. 1 have also found some evidence of their breaking up into sperma¬ 
tozoa ” [i. s. monads] “ in an inhalant canal.” 

Syncrypta sponyiarum; therefore, reaches and enters G. tompressa as 16-, 
8^1 and occasionally 4-celled spheres, the first of which presumably break up 
into the isolated monads that are also found in the flagellate chambers, where 
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both monads and spheres are ingested by the collar-cells. Neither Bendy 
nor I have observed any stage suggesting that tlie 1-6 monads grow in the 
water to the 7 diameter of the many-celled spheres. This growth presum¬ 
ably takes place elsewliere and under other conditions ; Vosmaer’s obser¬ 
vation suggests that it is in the inesogloea of a Clathrinid.^ It is therefore a 
remarkable coincidence that Urban has observed uniformly stained spheres 
of the same diameter, symbiotic (or parasitic ?) in the mesogloea of a 
Olatlirinid, where they multiply by binary fission ; and that Bendy has 
figured precisely similar organisms from a Clathrinid on the other side of 
the world. 

There is some evidence that the Clathrinid8& also feed on the monads, and 
it may be in this way that the new generation of Syncrypta enters the body 
of a fresh host. Fig. H shows the monads of S, spongiarum (copied from 
Bendy’s fig. 89, of 16 cells) beside fig. I “a foreign body lodged in the 
lumen of the collar,” copied from Robertson and Minchin\s fig. 48 (1910, 
Clathriria coriacea) ; and fig. K is a collar-cell “showing enclosure, . . . 
perhaps of a parasitic nature” from their fig. 35 {cf. Bendy’s fig. 71). 
Figs. L and M are collar-cells from an Ascaltis cerebrum in iodine and sea¬ 
water sketched by me at Naples (probably in the month of June), with the 
note “chlorophyll granule ? ” to fig. L ; fig. M being one of several collar- 
cells which showed what was presumably an ingested |)yrenoid—“a strongly 
refractive granule, blue with iodine. It gives the appearance of being blue 
only on the surface. Professor Paul Mayer says it is not starch.’^ 

The monads can enter freely through the pylocytes of the Clatbrinids. 
Clathrina clathrus, alive at Naples, showed dermal pores of 8 /a X 4 /a, 7 /ix 5 p, 
or 6yLx6fi. This was in aquarium water, which Minchin has shown 
(1892c) affects this species; but in his plates (1897) the dermal pores of 
“ Clathrina coriacea^^ measure mostly about 4/i x 3/i, the largest only being 
9 /A X 4/4 (fig. 10) ; in Clathrina sp.” they are Sfix 5 and 4^/4 X 4^/4, 
“ Clathrina contorta^^ shows them larger—11/4 X 8/4 and 15/4 x 6/4. 

Of the 19 pores measured any one would allow the passage of a monad, 
even of 2*2 /t, quite freely. None—and this is important—would allow the 
entrance of the multicellular spheres observed in the flagellate tubes by 
Vosmaer and myself ; and the spheres were observed by me in C\ clathniSy 
of which Minchin (1892 c) has shown that the osculuin closes before the 
current stops. 

All that can be said as to the possible transformation of ingested monads 
of 2 /4 diameter into the 7 /4 red cells of the Clathrinid mesogloea is that the 
observations do not contradict it. Bendy (fig. 72) shows in a much altered 
collar-cell a uniformly stained sphere of 3/4 diameter surrounded by a 
vacuole; a similar body of 4 /4 diameter is enclosed in a phagocyte under the 
collar-cells in fig* €7. He describes in the collar-cells (p. 361) “circular 
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inclnsions of large size, around which vacuoles frequently make their appear¬ 
ance ” ; they stain like the reserve granules. Robertson and Minohin have 
four other interesting figures of collar-cells with spherical enclosures, of 
which fig. 32 shows an almost uniformly staining sphere of diameter 
surrounded by aelarge vacuole. Dendy’s fig. 66 and fig. 84 show three 
nearly spherical cells of 7 /a diameter in phagocytes; two have a bilateral 
symmetry or are commencing division. 

If Dendy^s theory of spermatogenesis may be taken as withdrawn, these 
appearances are all unexplained. It is therefore open to us to conjecture 
that the monad of Syncrypta spongiarmn^ after ingestion by the collar-cell, 
is not digested, but becomes surrounded by a vacuole in which it grows to a 
diameter of 4 /a, inducing, in Grantia compressa^ considerable abnorinality in 
the containing collar-cell. At this size it appears to pass into the mesogloea, 
where it increases to the 7 p diameter of Urban’s symbiotic algse and Dendy’s 
yellow bodies ; but 6r. compressa appears to have specialised a system of 
phagocytosis which prevents its multiplication, so that it may be only in. the 
Clathrinids and llircinia that the parasitic (or Symbiotic) generation attains 
success *. 

On this hypothetical history we should assume that conjugation occurs 
between the monads before ingestion by the collar-cells, that the zygote in a 
liospitable sponge gives rise to many generations of parasitic red cells, but 
that their symbiosis, if it be true in Clathrinids, is rejected by Grantia. 
With the onset of unfavourable conditions the red cells, instead of further 
multiplication of their like, forn> spheres of coherent gametes which escape 
to seek a new host and reinforced vitality f* 

The fact tljat among calcareous sponges the red cells have hitherto only 
been recorded in occupation of two individuals militates* strongly against 
Ur ban ^s conclusion that they are here symbiotic. Dendy found no collar- 
cells ill Leucosolenia gardinen^* which was possessed by them. The 
suggestion is rather that this organism is a dangerous parasite of all sponges 
but Hircinia^ whose physiology is accoinmodated to it, perhaps in true 
symbiosis. It appears to be destroyed in G* compresia by phagocytosis, and 
the necessity of repelling this enemy must be taken into account in con¬ 
sidering unexplained phenomena in the histology and anatomy of sponges. 

If the suggested hypothesis be correct, and the red, Violet-brov^n, and 

• Dendy describes in the of LewatoUnia gwrdineri (p. 4) eoxispicuous i^berical 
bodies .... closely resembling in appearance tbe yeUow bodies.... but more variable in 
size.” Their bein^ described inside tbe nuckiu would {Hrevent us guessii^ that this could 
be phagocytosis; but the nucleus ** has an irregular outline and no nuclear membrane.” 

t The pyrenoids observed bjr me m A. iierebnm suggest that tbe containing monads have 
hero digwted j Robertson’s fig. 84 end Dendy’e fig. 70 seem indicari ve k the same direction. 
It is possible that tbe newly-formed zygote can rerist digestion by tbe coRuM^ell, but that 
unpaired gametes merely supply food for the sponge. 
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(in preservation) yellow spherical “algse’’ found in sponge-niesogloea are the 
allernute generation of Syncrypta S 2 >ongiamm^ it seems possible that the 
unusually small size of this species among its allies may have been developed 
with the advantage of enabling the monads to enter the prosopyles of sponge- 
chambers, and so be ingested and pass into the tissues of its host. From 
Polejaoff^s plate fi, the prosopyles of his Cacospongia and Carieriospongia 
are mostly about 3 fi in diameter ; a monad of 2*2 diameter is therefore very 
closely the largest size which can be sure of entering the apertures of the 
screens which protect its jirey. 

It is noticeable that in fresh water, Pascher (1910, p, 37) finds Syncrypta 
vohox only frequent in spring (April) and Beptoniber, more rare in the 
summer. This allows the inference that the months of greatest sunshine are 
passed in a more important Palmella stage. 
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Notes on the Physiology of Sponges. 

By G. P. Bidder, Sc.D., P.L.S. 

(With Text-figures.) 

[Bead 6th May, 1920.] 

The two precoding papers allude to some questions in histology and physiology, 
the further discussion of which seems better placed under a title where they 
may be expected. 

Note A. —Cerdds (p. 301). 

Minchin^s “ minute wandering cells’^ (1897, p, 499) are clearly elements 
of great interest and importance. As such it is convenient that they should 
have a short and pronounceable name, and 1 propose the name “cercids from 
the Greek K€p/ci^ which in two of its meanings well describes their 

form ; the shape when the nucleus is in the middle sufficiently recalling that 
of a “ shuttle*,” while the wedgo-like shape manifested when the nucleus is 
terminal may stand for the “cuiieus^^ of seats in a theatre or amphitheatre 
(PI. 24. fig. 7). 

Minchin’s description of their origin and history in Clathrina coriaeea 
takes a difl’erent aspect when, in 1908 (p. 354, fig. 71), he draws them also in 
Leucosolenia ; and again wdth my observation of them, recorded above, as 
bursting in a swarm from tluj wall of C. {G.) coriaeea. In Dendy’s careful 
drawings (1914, pi. 24 and pl, 26) there are somewhat similarly shaped objects 
shown in Grantia comjyressa : fig. 44 inside an ovum, fig. 80 in a problemat¬ 
ical spherical enclosure. 

But my cercids in Qn coriaeea measured 4^ to 5/^ long by 0*5 ft wide, except 
at the nucleus, which is 1 p. to 1*2 /a in diameter. Minchin^s ‘‘ minute 
wandering cells,^^ in the same species, are in his figs. 17, 19 about 7 p, long 
with nucleus 1*4/4. Minchin's ininuto amoBbocytes" in Leucosolenia 
measure 3 to 5/4 X 1 to 1 ’5 ft (a nucleus is not shown); while the objects 
drawn by Dendy are only 2 ft x 0*3 ft with nucleus 0*6 ft. 1 define the 
name “ cercid’^ as applying to the mobile and emigrant cells of G. coriaeea, 
leaving it to the future to determine if truly homologous cells occur in 
Leucosolenia and Grantia. 

♦ The first meaning given to by Liddell and Scott, following Smith's Ant., is ‘‘ the 
rod or comb by which the threads of the woof were driven home *'; hut in this they are 
wrong, and shuUle ’* is the true meaning, on the authority of Butcher and Lang (Trans¬ 
lation of Odyssey, V. 62); Lang, Leaf, and Myers (Translation of Iliad, XXll. 448); 
Edwards (A Companion to Greek Studios, Cambridge, 1916, p. 620), Bliimner (Gewerbe 
und Kiinste, 1875, i. 184}; and my friend Professor Henry Jackson, who told me of the 
error. L. and S. give no Greek word for shuttle,” rightly omitting wavovkKo^ given by 
Smith, 
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The suf 2 :«:ostion is strong that cercids, produced by the repeated division of 
arcliajocytes, are in G^coriacea locomotor fertilizing elements which leave the 
body and drift in the water, to enter eventually the oocyte of another sponge. 
Whether they first develop a flagellum, and whether tl)ey co-exist with or are 
replaced bj*^ the flagellate spermatozoa described (to the Linnean Society on 
Dec. 11th, 1919) by Dr. Gatonby in Grantia^ or the gregarine-like objects 
which I have figured (PI. 24. figs. 4, 5, 6) enuTging from [or entering—«ee 
Postscript, p. 302] the cloacal wall of Sycon^ it would as yet be futile to 
discuss. 

[^Sept. 20, 1920.—On the day that this MS. goes to press, I have a letter 
from Mr. Julian Huxley, containing sketches of small cells which he lias dis¬ 
covered in tlie tissues of s^ionges. They have closely ilu'* appeanince of 
Plate 24. fig. 7, and judgment on the function of cercids must he suspended 
until his observations are available.] 

Note B. — Cessation of the Current (p. 301). 

When the collar-cells are completely covered by a lining of invading 
porocytes (see 1892 6, fig. 2; 1897, p. 487 ; 1900, fig. 42, F; and 1908, 
p. 326), there can be no current; and a motile spermatozoon could enter by 
the oscnlum in those species Ascaltis cerebrum and A. reticulum) in which 
the latter cannot close. Assuming that it is to the granules of the porocytes 
that the Clathrinidae owe their characteristic scent, the spermatozoa, after the 
oscnlum is passed, will enter a highly odoriferous chamber, to the porocyte- 
lined walls of which they will be strongly attracted. 

The current may also be completely stopped by the clogging of the pylo- 
cytes and, in Heterocoel sponges, by the choking of the.afferent canals. I 
have found this happen in ten minutes to Leucandra aspera fed with indigo, 
and in half-an-hour, when fed with Indian ink, the current was very much 
diminished ; sea-water, milk*wfaite with starch, stopped the current in two 
minutes. In nature similar cessation most be at times caused by unusual 
turbidity of the water.* 

Outside these two cases, it may be assumed on purely general grounds that 
pathological conditions may kill or paralyse the collar-cells, while leaving the 
ova still susceptible of successful fertilisation. Thus, Annandale (1907, 

V That such cessation is not due in Calcaronea to reflex closure of the pores, as stated by 
Lendenfeld (ef, 1895, p. 83), is proved by the facn^that sections show the pylocytes widely 
open and choked with starch grains (see ante^ p, 308, fig. F). Parker’s experiments 
(1910 5) on BtyloUMa h^ye led him to the same conclusion, and to a similar disbelief in 
Lmidenfeld’s assertions. 

The fom of ^a pylocyte, viewed from one of the surfaces, is strongly suggestiTe of a 
sphinctar, but I bdieve this suggestion to be delurive* A pylocyte is a perforated cell whose 
differentiation is to make intracellular communicatioa between one cavity and another; it 
icr comparable to a cell in the channel of anephridivm, and ,not to a muscle-cell; it is a radial 
cell perforated radially, not a tangential frtriibrm cell whose ends are united, and the forces 
exerted by the cell oppose those of surfhee-tension which would obliterate the lumen, 
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p. 387) observed in India that Spotigilta ceases its currents during the hot 
hours of the day, the oscula and pores reniuining open ; he deduces that the 
flagellar motion must have ceased. My experiments on the currents of 
Calcaronea at Naples do not sliow this, but tlu3 records show some evidence 
of a possible reduction in power in the hottest hours. But, for the question 
before us, a rise in temperature sufiicient to paralyse the flagella of the collar- 
cells might bo ex[)ected also to sus[)cnd the movetnents of the spermatozoa, 
so that entrance by the osculum would not then be eflected. 

I cannot lind any satisfactory record of an observation showing with 
certainty that in a sponge, with its apertures open and its collar-cells 
unchanged, motion of the flagella spontaneously stops and begins again. 

Such is certainly the impression gained on first experiments with living 
sponges; but as experience makes allowance for injury, temperature, 
suffocation, obstruction by air-bubbles, etc., the impression steadily 
diminislies. The result of ratlier prolonged work on the living collar-cells 
(1895) was to make me regard a motionless flagellum as a sign of death, or 
danger of death, in the cell which bore it. 

Note — On Odour and Excretory (Granules (p. 299). 

In regard to the stronger and more jdeasant odour possessed by Clathrinida* 
as compared with Sycon^ (Jraniia^ etc., I am pleased to be corroborated by 
mv friend, Mr. L. 11. Crawshay, who very kindly made observations on the 
shore at Plymouth, collecting ClatJirina coriarea and tSycan separately in 
stoppered bottles. Ilis experience accorded with my statement, though, the 
season being mid-winter, the conditions were not very fa\ourahh». 

There is evidence of a direct character that considerable difference exists 
between these two groups in the nature of the granules formed by the 
porocytes and ectocytes, I found indigo-carmine deposited I’reely in the 
ectooytal and porocytal granules of Clathrina clathrue (1892 5), Guancha 
coriacea^ and Aficahis cerebrum and reticulum ; but never was able to 
demonstrate deposit with Sycon rapkanus, Leucandra aspera^ or Grantia 
compressa : and Ootte (1903, p. 459) also obtained negative results with 
Sycon raphanus. The facts suggest a modification of my view's as to excretion 
(1892 5, compare Uri)an 1903 and Minchin 1908)*". That is to say, it 
appears logically possiide that these refractive lipoid granules, of wdiich I 
have recorded (/. c.) many puzzling reactions, are not in all sj^onges formed 
by a process wrhich also secretes sulphindigotaie of soda; hut tlmt in the 
Oalcinea (and possibly at sexual times in Sycon) an odoriferous body is added 
which is so formed. 

Gotte has a very interesting observation {Ue. p. 528), that the individuals 
of Syeon raphanus, which were exceptionolleinent riches en pigment jaune 

e See also fooiaote, p. 828. 

jrOUllN,—ZOOLOGY, VOL. XXXIV. 24 
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JExplaneOum of Textfigwru. 

All figfaxes are approximately X 1660 (the acale of Dendy’s 10l4 plates). 
Figs. 1 A, B, G are from G^roft^'a comptMCh 1 X> rf^anuo. 


Fig« 1 A. Collar-cells from a sponge ^thered at low tide, ^ hours out of the water and 
replaced in sea-water for 10 hours, ilagel(a monng rapidly.. At / a small portion 
is drawn of one of the aggregates of excreta which inrere in the chambers. (Feb. 7.) 

Note that after their long purging anddepriraiion of fond the collar-cells show 
perfectly transparent spherules or vacuoles and protoplasm in place of the 
greenish spherules and granular proto|dasm of ^rmal health. Note also that 
the nuclei are not pear-shaped as described by Mindliis, but spherical as 1 have 
"always found them in life, except that occafidlonally they are ellipsoidal owing to 
constriction by the cell-wall in sufibeation (see 18Sii5, p. 23, rediscovered by Cotte, 
1902; see 190^ p. 463). Progreesiye suffooUii^n is shown in Fig. 1, B. 

Hg. 1 B. a, 6, c, d, e. Five successive sketches drawn from the same cell, showing a 
moving ^obule of feeces in a position' which must be just under the iris-meiii- 
brane. ^om a sponge 2| hours exposed by the low tide, 2 hours ia sea-water 
aft^ gathering. FJsgella vexy active. (Jan. 8.) 

Fig. 1 0. Living collar-cells, slewing fasces in a similar position. From a normal imiigo. 

Basal spherules (shided) are a^nish. In the right-hand cell the spherical dotted 
globule was brown«. (Jan. 20.) 

FSg. 1 D. Amoebocvte with vesicular nuclei and eadomng a ball of fasces, inrojoeting beHreon 
two collar-cells into the chamber. From repphanuBf fed with carmine 20 
minutes, IS hours’ rest, killed osmic acid, decalcified formic ad^ not otiunwise 
stainedL^ 


o ComiHuisoiB with observations made at Plymouth since this paper was written dio#e 
th^ the brown flohule was clearly a J^iMcr^a. 
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d’or^ dtaient en 6tat d^^aboration sexaelle trfes active (niois de Janvier).^’ In 
the Sycon raphanxis of the aquarium, with which I mostly worked, I never 
remember seeing any golden-yellow pigment, so that I am unable to do more 
than transcribe the passage. 

Note I).— Fceces of Sponges^ and Phxigocytosu (pp. 306, 310). 

The fact that Dendy occasionally found in inhalant canals the ‘‘small 
masses of granules” which he describes and figures (1914, p. 365, fig. 93) 
does not discredit iny interpretation of them (1895, p. 18, fig. 13 a) as being 
fmces. It is obvious that, even in the sea, the faeces of another sponge may 
often drift into the afferent system; but the sponge from which Dendy drew 
his fig. 93 was examined two or three hours after it was collected, and was 
watched in a glass dish where “ there was an active current issuing from the 
vent, bringing with it a quantity of fine yellowish-grey sediment, which 
collected at the bottom of the glass dish ” (1914, p. 320). In that small 
volume of water any particles carried out in the oscular stream, which were 
too small or light to sink rajddly, would be borne again back into the sponge 
through the inhalant canals. 

That they are not spermatozoa is proved by my finding them in the three 
winter months, to which that part of my work on the living Grantia 
compresm was limited. I found (1895, p. 11) that this sponge is annual at 
Plymouth, larva* being recorded in May and July, and only the young sponges 
produced by them being found in September, when there are none but minute 
individuals. Dendy rediscovered this, and considers that the breeding-season 
“ would seem to begin in the first half of April,” when “ comparatively few 
embryos are found” (1914, p. 321), his visit to Plymouth being April 10th 
to April 22nd. My friend Professor Dendy will tlierefore agree with me 
that a drawing (1895, fig. 13 a) made on Feb. 7th was not from a huge swarm 
of spermatozoa, and my first observation of these fsecal agglomerations was 
in December. [For breeding-time see also Orton (1920) pp. 340, 341.] 

These extremely large masses were met with in sponges which had been 
subjected to experiment in regard to tbeir endurance of low-tide conditions, 
and it is worth remark that the sponge from which Dendy’s fig. 93 was drawn 
had been gathered about mid-day April 18tb, 1912 (1914, p. 320), and 
therefore at dead low-tide, the day before an exceptionally deep spring-tide. 
It is obvious that in sponges which have been out of the water for many 
hours the cellular excreta from the collar-cells, if there be such excreta, 
must accumulate for all those hours in the fiagellate chambers, instead of 
being steadily thrown out in the normal way through the oscular stream as 
described by Bowerbank (1858, p. 121)* and others. There is, therefore, 
prima fade reason for supposing that any finely granular substance found to 

• Coai|Mire also 1867, last paragraph but o»e {p. 16 of the reprint) If the sponge'' 
sotuo time after feeding with in^go be now removed into fresh water, the ejection of 
nsoJectdCiof indigo eontixmes for hours to be slowly effeeted” 
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accumulate in tlie chambers under these oonditiona is composed o£ such 
cellular excreta. And, as Vosmaer and Pekelbaring point out (1898 6, p. 10) 
the clods of detritus*’ are many times larger than the prosopyles, and 
consequently could not have entered through the prosopyles, but must 
necessarily have been formed within the chambers. 

Add that, in such sponges, 1 found in life that almost every cell possessed 
a globule containing angular dark particles/* sometimes, as in (1895) fig. 4, 
^‘projecting on the surface between collar and fiagellum. These globules 
were observed and drawn moving in the distal protoplasm of the cells; ** 
(Note G) ‘‘there were numerous bodies of similar appearance {of, fig. 13a) 
floating freely in the chamber ** (1895, p. 18). The figures illustrating this 
statement lost detail in their reproduction ; those appended here are on tlie 
full scale of the sketches (fig. B enlarged to the scale of figs. A and C). 
They are corroborated by Ootto’s observation (1903, p. 559), in a Sycon 
rapAanus which had absorbed tournesol, of two blue spherules (each containing 
a darker blue point) being ejected by choanocytes; the spherules being 
thrown out from the annular space between flagellum and collar. 

In regard to the gelatinous matrix of the fseces, “ I have often suspected, 
from paraffin sections, that the food vacuoles of sponges are filled with some 
gelatinous matter, coagulated in preservation ** (1895, p. 18). Ootte (i.c.), in 
Rmiera simulans fed with carmine or lamp-black and returned to clean water, 
observed afterwards “ des bols fecaux in the flagellate chambers. “ La 
substance hyaline qni agglutine les corpuscules Bolides indique vraisemblablc- 
ment qu*il y a eu ingestion prdalable pUr les choanocytes, et quo les 
choanocytes les ont ensuite abandonntSs/' Greenwood and Saunders (1894, 
p. 449) describe a type of digestion in Myxomycetes where “ any nodule of 
food as yet unchanged is invested bv#a homogeneous mucilaginous sphere, or 
in later stages .... a viscid mould or cast of the interior of the vacuole 
is formed’* . . . . “ We thihk that some element present is not only un¬ 
dissolved but insoluble, and comparable probably to that iiuicilaginous 
residue which gives so distinctive an appearance to the egesta of many 
Infusoria.” Discussion with Miss Greenwood greatly influenced my ooii«^ 
elusions. 

It is interesting that Dendy’s description, quoted above, verifies the old 
observation of Carter (1849, p. 98) that the “ fssoal matter ” issuing in the 
oscular current is markedly heavier than water. It has been suggested to 
me by a friend that this may indicate the deposit of calcium salts in the 
fs^al boli, and that to these may be in part dtie the refractive or opaque 
granules which characterise,Jthe boli. In any case, I venture here to repeat 
from another standpoint tue! comparison which Dendy made between these 
eeUular fseces in the flagellate chambers and the ‘^masses of granules** 
figured as spermatozoon-heads by Pol4jaeff and other authors. If the sign 
of completed digestion in the collar-<^ll be the complete replacement of the 
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food-vacaole^s contents by a pellet of gelatinous matter containing refractive 
or opaque granules, this is likely to bo also the process of digestion in a 
inesoglmal phagocyte*. The evidence is that the ‘^masses of granules 
are the last products of digestion, and within a phagocyte, or group of 
phagocytes, may be taken as showing where the combat with an intruding 
organism has been victorious attd complete. 

This speculation has partly originated in the attempt to explain the cell 
drawn in fig. D, alluded to at the meeting of the Linnean Society on Dec. 11th. 
With a superficial resemblance to a pylocyte, it differs in its thick body and 
large vesicular nucleus; in each of these particulars it resembles Dendy’s 
fig. 81. Also the plane of its crescent is radial instead of tangential to 
the chamber into which it projects, instead of framing an aperture in the 
wall. 

The appearance of the cell, cither in fig. 1 D or in Dendy’s fig. 81, is 
unquestionably that of a gonocyte. In describing my feeding experiments, 
and confirming my previous observations that the gonocytes feed on the basal 
spherules of the collar-cells, which are stores of digested food (1892 6, p. 474; 
quoted 1893, p. 220 ; rediscovered 1914, pp. 328, 344), I wrote :—“ A large 
number of gonocytes ai-e in contact with collar-cells which contain plentiful 
carmine ; in only two of them I found carmine-grains, and it is tempting to 
deduce that vacuoles and undigested food do not pass into the gonocyte 
(1895, p. 30). (^otte (1903, p. 448) uses similar language:—“Les coupes 
de Sifcandra niontrent quelques grains de carmin ou de charbon englobes par 
desamibooytes; c*est Ik, on peut le dire, une vcudtable exception.*’ But our 
experiments show only that the amcebocytes of Calcaronea do not ingest 
particles which reach the cboanocytes from the water of the chamber. This 
negatives in no way their power to engulf foreign bodies which they may 
find in the mesogloea. And l)6side the classical experiments of Metschiiikoff 
(1879), Cotte has shown that they have this power in Heniera (p, 448) and 
Spongelia (p. 455); while Dendy (1914) has given a most interesting 
description of phagocytosis by oocytes and other amcebocytes in Grantia 
compressa^ 

1 interpet fig. ID as an amoebocyte which has digested some foreign 
substance encountered in the mesogloea, and is dragging the excreta to be 
cast out into the efferent water of the flagellate chamber t. And Dendy’s 
fig. 81 indicates that the substance partially digested there, wholly digested 
in my fig. 1 D, is a lightly-staining sphere of 6 /a diameter (with nine spots, 

♦ [^ce this paper was read I have seen van Trigt^s interesting work (1919, p. 162), in 
which he records similar Issces formed by the amoeboid cells of SpongiUa and by the walls of 
the efibcent canals. 

Van Ttlgt considers that this sponge feeds upon and digests the cells of the green alga 
which give its cidonr.] 

t [Of; vaaTngtyte.] 
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alainmg move darkly, in fig, 81 ). The indications seem to me that these 
figares, Dendy^s fig. 85, and raa^j others in his very interesting plates—all 
record stages in the war against Symrypta, which appears to fee carried on 
snccessfully in Orantia either by the gonocytes themselves, or by other 
amoebocytes which haye this'fnnotion 

Most interesting in this connection is PoWjaefPs statement (1884, p. 72) as 
to “ spennospores^' in Verenyia :—When ripe they recall so vividly the 
corresponding formations in Sycon raphamis (with the sole distinction that., 
while in this latter instance the nucleus of the covering cell in quite ripe 
spermospores is in most cases indistinct, in Veror^ia X find quite empty 
capsules, nevertheless, provided with it)/* 

Ail the “ covering cells ” represented in Veronyia (pi. 10) contain, only 
masses of granules ; and similar masses are in Carieriosponyia in an 
endothelial chamber, as described by Schulte (and verified by Pol^jaefE) for 
Oscarella^ Aplysilla^ etc. 1 suggest that the nucleus of the covering cell ** 
is indistinct where the contained Syneryj/ta has killed the ammbocyte which 
ingested it, and that those in Verongia are the nuclei of ainoobocytes wliicb 
—^as shown by their granular contents (as in iny fig. 4)—have destroyed the 
Synerypta^ themselves uninjured. An endothelial capsule occurs in Carterio- 
spongia^ instead of a covering cell as in Verongia, because the heap of 
granules is 40 /i x 15 p instead of 9 in diameter, showing that the 
digested substance was too large for one phagocyte to contain. Such 
conclusions merely assume a process wholly comparable with the destruction 
of Oecillatoria by the amoebocytes of Spongelia which is described by Ootte 
(i. </. p. 455). 

As Vosinaer said (1887, p. 412):—^Xhe strootures which many spong- 
ologists have set forth more or los% positively as spermato2oids may have 
been so or may not; in many cases it remains doubtful,’ 

Note E .—Origin of Sponges, 

If the hypotliesis be adopted that the granules of porooytes attract 
spermatozoa, a possible history of the origin of sponges is suggested. 

If we construct our imaginary ancestral sponge on the lines of the Sycon 
amphiblastula, illumined by Protospongia, we find a colony of flagellate 
collared cells whose function is to obtain nourishment, surrounded by their 
associate archseocytes, which m^ive the digested nourishment and alike 

.if * 

^ I am unaware how far, by those who have worked at these problems, phagocytosis and 
conjugation are considered cognate or opposite. My friend Miss E. K. Saunders tells me 
that in the revival of a plasmotfium of Myxomyeetes ibom the selerotia! condition, as each 
sderotial cyst is enveloped by the advancing plasmodium, it is unoerUlin for a moment 
whether a vacuole will be formed round its protoplasm and this be digested, or whether it 
willtevive rapidly enough to burst to the moistuie, and unite alive with the syncytium. 
This alternative absorption as food, or as a living partner, suggests that conjugation may arise 
from attempted phagocytosis. 
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excrete in a manner possibly protective for the colony * and are charged with 
its reproduction. 

At this stage we may conceive the secretion of an attractive odour to liave 
become permanently associated with their nitrogenous excretion, with the 
advantage of more frequent reinvigoration of the stock by conjugation with 
locomotor units from other colonies. 

Development led to differentiation of purely reproductive cells from those 
charged with excretion, the reproductive cells being placed in greater safety 
by a covering of the excretory cells. The latter would still attract the 
locomotor units, which, when engulfed, they would pass on for nuclear union 
with the gonocytos. This absorption from the exterior and transmission to 
the interior w'ould be simplified (as the reverse process has probably been in 
nephridial tubes) to perforation {cf. 1892, p. 182). Misdirected perforation, 
placing the excretory surface of the sponge in cominunication with the 
flagellar surface Instead of with an oiicyte, would sporadically occur, and 
when so occurring would lead to a sudden increase in the hydraulic efficiency 
of the flageila as a food-catching apparatus, supplies being thus brought to 
centrally placed choanocytes which otherwise could only be reached by water 
which had passed over their neighbours. Such misdirected perforation would 
therefore be perpetuated by the increased prosperity of those colonies in 
which it happened, their form being now in essence that of the rudimentary 
Olynthus ; from this upwards ‘‘all transition from more to loss primitive 
canal systems exhibits an increase in the ratiothat determines the 
mechanical efficiency of the canal system (1888 ; 1896, p. 29). 

The cercids are fragmented archmocytes (see Minchin 1897, p. 500) which 
(antPj p. 300) break out into the surrounding water and effect conjugation 
with the archajocytes of other colonies. 

My excuse for printing such a fanciful story is the extreme difficulty of 
forming any conjecture as to possible value to the organism ol the intermediate 
stages in the evolution of a hydraulic system supplied by intracellular pores 
(c/. MacBride, 1918, p. 52). If the pores were multicellular, we might 
conceive them as originating as grooves or furrows in the flagellate surface, 
with the advantage in every stage of bringing better supply to the more 
central flagella. Such an evolution would fit in with many enibryological 
observations, and there is so much evidence that sponges are polyphyletic 
that it is not impossible that both developments have occurredf. But 
in both Galcinea and Calcuronea we know that the pores are intracellular. 

• The nitrogenous excretion of the archeeocytes may be beneficial to tlio colony by being 
either repuldve to foes or attractive to friends. But, in view of the known defiecation by 
collared cells, these probably get rid of their own nitrogenous poisons, and I do not now 
believe that in this sense eithiur the primitive archseocytes or the specialised porocytes excrete 
for the whole colony. Loiters oritidsm on this point (1898, p. 203) is quite just. 

t In the Bonatiidm and the Hexactinellida there is no evideJice of the presence of pore- 
cells, and it Is doubtful if in either of these groups there is any sexual reproduction. 
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Minchin (J900, p, 49) suggests that the pore-cells may primarily &fsi 
nutritively phagocytic in functioQi and therefore Jiave come to 
pre-existing afferent pores. The hypothesis does not seem a priori per¬ 
suasive ; and it does not fit well with the facts, since we have no evidence 
of pro-existing pores, nor, in these sponges, of any prosopyles which do not 
perforate porocytes 

[POSTSCBIPT. 

Note V.^Odgeneais in Syoon. 

Dendy’s derivation of the oocytes from collar-cells (1914) in Graniia 
compreaaa is not in harmony with my own views; but on re-exaininatiou of 
my preparations I cannot claim that they disprove it. 

His figs. 2, 3, 12, 13, 14 (as also 62, 66, and 68) are from a sponge which 
had been a week in the aquarium circulation. It appears possible, therefore, 
that be observed the early shige of the pathological changes in the flagellate 
chambers, of which 1 have recorded the condition after u month in the 
aquarium (1895, p. 27). It is remarkable, however, that in my pathological 
specimen, though the highly gelatinous meaogloea contains many cells of the 
size and appearance of collar-cells, there are scarcely any recognisable 
gonocytes or cells wliich resemble gonocytes in size or character. 

I agree with Dendy that the ova are found free in the cavity of the 
chambers, strange as this appears, and that such is the interpretation of the 

larger nucleate cells, possibly Protozoa, partly envelopetl by the distended 
collars, sometimes more than one cell converging on theui/^ which I described 
in 1895 (p. 31), and which are i^ell indicated in his figs. 11 and 74 (in the 
latter case the ovum is called a “ primary spermatogonium ’’). I found 
in sections of aS. rapJianus unmistakable ova in the lumen of the flagellate 
chamber and one just passing throu^ the wall, and I sketched at Plymouth 
(April 1920) such an ovum alive in tlie cavity of a flagellate chamber of 
6r. compressa^ seated with psendopodia stretching over the free ends of half- 
a-dozen collar-cells, in outline ludicrously like an octopus. Between the 
vesicular nucleus and the free ovoid surface was a comet-shaped streak 
or arc of minute green fragments, suggesting t^t it had used its freedom to 
feed on and digest an alga, thus supporting Dendy'S suggestion on pp. 323, 
335 (1914). 

Note Q^-^Migration of the Nucleua in Collar-edh, 

In fig. 1 C the nucleus is visible in two cells, and is seen to have moved 
downwards to allow of the escape of the fseces through the aperture in the 

♦ Cotte (1903, p* 434) considers that there is a geasral power of oell^rforation in the 
pinecocjtes of Mtmeraf and quotes Tops^t for shnilar perforations of the oontraetile cells of 
this species aud of 
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iris. Such displacement must also occur when any large mass of food is 
ingested, and Syncrypta spheres commonly do not pass the nucleus (c/. fig. 0). 
Hence, Hammer (1908) found the nucleus often not distal, and bis fig. 85 
shows such a nucleus, with the agglomeration of* ingested foreign bodies 
which have forced it down. He correctly quotes me as having watched 
the living nucleus moving in the protoplasm, but I found its common situation 
apical. The fact that his observation of a usually basal position in life 
was contradicted by his stained sections indicates that in the living cell a 
food-vacuole was mistaken for the nucleus—in like manner as I described 
the nucleus at first as a vacuole (1895, p. 18).] 
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On certain Nuclear Phenomena in the Oocytes of the Gall-fly JfeuTQterus. 
By LanoBiLOT T. Hoob£N« B«A«^B.Sc. (formerly Frank Smart Prizeman 
in Zoology^ Cambridge), (Communicated by Dr. E. Drabble, F.L.S.) 

(With two Text-figures.) 

[Head 6th November, 1919.] 

Despite the existence of a very considerable literature <lealing with insect 
cytology, there is still the most meagre knowledge of the history of the 
nucleus in the oocyte, particularly in the case of the Ilyinenoptera, though 
this group has attracted many investigations of a oytological nature on 
account of the frequeijit occurrence of parthenogenesis among its members. 
Recent work by Doncaster on the process of maturation, and by Hegner, 
Martin, Silvestri, and Gatenby on the earlier stages of oogenesis in certain 
of the Hymenoptera fmrasitica, have revealed somewhat uni()ue phenomena 
which call for further elucidation. The present communication contains 
some observations of a preliminary nature which shed light upon the 
character of the mitotic figures which occur during the formation of polar 
bodies in this group, 

Gametogenesis in the Gall-fly J>fmroterus has already been made the 
subject of three memoirs by Prof, Doncaster, to whom I am indebted for 
the material of the present note. In describing the maturation of the ova, 
attention was directed to the I’act that an unique type of ookinesis occurs, 
in which, to quote Doncaster, “ the first division takes place by the drawing 
out of threads (probably double) on each side of the nucleus ; the reticulum 
becomes absorbed in these threads, which form two groups of parallel 
chromosomes on a spindle. These chromosomes then divide, probably 
longitudinally, giving rise to the group which forms the egg and three polar 
groups of chromosomes/^ Au apparently similar type of maturation division 
was described nearly twenty years ago by Henking in the Cynipid genus 
Rhodites. Quite recentlj'^ Hegner and others mentioned above have made 
cursory references to the existence of a precocious maturation spindle of a 
normal type in certain species of Chalcids, Braconids, and Gynipids ; and, 
according to these authors, instead of proceeding to pass into anaphase, the 
chromosomes, in the form of end-to-end pairs, condense into a compact 
nucleus like that found in the full-grown egg of Rhodiies and Neuroterus. 
It was therefore thought desirable to attempt to correlate these phenomena 
if passible. 

Oocytes of the agamic generation were chosen for study, the hirvm of the 
spring brood being entirely females. A few pupm of NeuroUrus Untieularii 
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irere collected by Prof. Donoaiter, but as it was difBoalt at the time to 
procure many, tbe olosely-allied apecids If. numimtUis was also stndi^ 
late pnpee and egg-masses of newly-hatohed flies being preserved in addition 
to the November material. Por the latter Flemming was used, egg-uMsses 
being preserved in Bonin or Gilson^s fluid. Sections were cut 4-6 m. in 
thickness and stained with fimdenhain’s iron hsematoxylin. and eosin. The 
preparations were examined with a Zeiss '2 immersion and apochrom. ocular 
No. 12. 

The Somatie Mitoses, 

Fifty counts were made of the dividing nuclei of the developing wing, 
nervous i^stem, and follicular epithelium of Neuroterus numismaiis. The 
average was 19*2, 26 giving 20 and the rest 18 or 19. Some of the flgures 


Fio.l. 
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IS. of the chromosomes sad formation of the ahordve maturation ^indle 

in Neuroterus mOnismetis. 


giving 20 were very dear, and there is no doubi^that the diploid number for 
this species is the same as for Jf. letiiieulani, viz. 20. 

Very cl«ur figures of aboQrmal mitoses were found in the hypoderm cells 
of larvte of If. len^exdaris. l)onea8icr has figured in his second paper the 
anaphase of bne of the giant cells which He below the epidermis showing 
at least 50 chromosomes at each pole. In several cases of cells of the 
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hypoderiM itself I u^)ted the occurrence of 30 chromosomes at each pole. In 
one case this number (30) was quite unmistakable. In three nuclear divisions 
in the same region the haploid number occurred ; and it is perhaps of some 
significance that the two numbers are complementary. It is thus possible 
that the occurrence of the haploid figure may be due to a difference of 
polarity—pathological maybe—in the dividing nuclei. 

The Development of the Oocyte^ 

As there are two kinds of ova produced by the agamic generation in 
N. lenticularU (viz. those which undergo maturation and give rise to males, 
and others wliich do not form polar bodies and are female producing), it 
appeared possible that differences might occur in tiifterent individuals during 
the synapsis stages. No points of contrast between the very young oocytes 
of different agamic females could be detected either in Neuroierus lenticidaris 
or in JT, nvmismatis, although tlio ovariolos of more than twenty individuals 
were examined. 

Synapsis occurs in the upper part of egg-tubes of ovaries in which the 
former have just become differentiated. The cells of this region are 
arranged in groups of about 8 to 16, and synizesis nuclei can be seen before 
it is possible to distinguish nurse-cells from oocytes. Subsequently the 
chromatin material of certain cells, which are to become nurse-cells, under¬ 
goes fragmentation into very numerous granules. Their nuclei later exhibit 
one or two large karyosomes of irregular shape: these at a late stage 
disintegrate and are ejected into the cytoplasm. During the growth period 
it is not possible to detect definite chromosomes in the oocyte nucleus, 
the chromatin content of which greatly loses its staining capacity. One or 
two karyosomes and a plasmosome are found often lying on the outer side of 
tho nucleus. As in Andrieus^ there is no oosoraa at the posterior end of the 
egg like that (lescribed by Ho;;ner in Diastrophus or the body referred to by 
Weissmatin in lihoditet. There are no secondary nuclei. 

The Maturation Spindle. 

Later phases were studied exclusively in A" numismatis. The oocytes of 
the March pupae no longer display the diminished staining capacity de¬ 
scribed above. The diploid number of chromosomes is seen to be dispersed 
throughout the nucleus^ and the plasmosome is undergoing disintegration. 
If, as is quite likely, there is a preliminary syndesis that synchronises with 
the synaptic contraction in the young oocyte, this stage may be interpreted 
as that of diakinesis. It is followed by an end-to-end pairing of the 
chromosomes. In sections of the eg^mass taken from newly-batched fiies 
at the beginning of April the chromosomes of the oocyte nucleus exhibited 
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a considerably increased staiinng capacity, at the same time assaming a rod¬ 
like appearance. Later they approximate, each with one tip in contact with 
that of another (6g. 1, K). It was possible to count the pairs so formed, ten 

Fie. 2. 
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lUustratiiig maturation pli^omeiia in JS^mrotena^ 

Of e, d. The maturation %^air Rafter Bonoaster). 

^9 ft 0 t ^9 ^ Buggested inter^tci^on of the matiiratioii jprophasoa 
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being present. At first these chromosome pairs are scattered irregularly; 
but subsequently they take up a definite arrangement, which is in all respects 
like the metaphase of a mitotic figure. They place themselves in a parallel 
series around a central axis with the point of contact of each conjugant 
indicated by a constriction in the equatorial plane. The chromosome com¬ 
plex so formed then condenses to form the oval compact nucleus, which 
is described by Doncaster in the eggs after they Ixave been deposited 
(fig. 1, 5, 6). 

Hegner has given fall details of similar phenomena, as already mentioned, 
in Copidosoma ; and on most points his account agrees closely with that 
given above for Neuroterus, In the former, according to Hegner, “the 
spireme becomes more and more open, and finally breaks up into thin 
chromosomes of irregular shape. These chromosomes then become shorter 
and thicker, and appear to unite near their ends. At first the pairs are 
scattered about in the nucleus, but they soon straighten out and become 
arranged in a parallel series with their points of union lying in the equator. 
Spindle fibres could be seen, but apparently no centrosomes nor asters 
are present. • « . The mitotic figure then passes through the stage of 
condensation. . . . The chromosomes gradually get closer together and 
become shorter and thicker. Where these ends meet at the equator a ridge 
appears which causes* the complex to resemble a Maltese cross. Soon the 
spaces between the chromosomes are entirely obliterated and a homogeneous 
mass of chromatin results.’’ Elsewhere Hegner refers to the arrangement 
of the chromosome pairs on a “Maturation spindle” in ApanteleSy a.nd in 
Andricus^ the Oak-knot Gall-fly closely allied io Neuroterus. In Neuroterus 
the junction of the conjugating chromosomes is not indicated, as in these, by 
a tliickening, but a constriction. 

General Remarks. 

In a postscript to his final memoir on gametogenesis in Neuroterus^ added 
on receipt of Hegner’s ‘ Protoplasmic Differentiation in the Oocytes of 
certain Hymenoptera,’ Doncaster expressed the belief that the top-shaped 
nucleus, described by him in certain ova prior to maturation, is a stage in 
the disentangling of a compact nucleus formed in some such manner as in 
Copidosoma. This has been shown to be the case. The polar mitosis 
described by Doncaster represents the type of figure that might be predicted 
if the preparation for the homotypic split begins during the first division 
and extends from the junction of the conjugants to their free distal ends. 
The double threads drawn out in the formation of the first polar body from 
the reticulum so formed would be equivalent to univalent chromosomes 
precociously and incompletely split. The formation of the second body then 
conrists presumably in separating the two halves. 
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If this interpretation prove to be correct, the separation of the polwr 
chromosome groups in Neurotmu is the completion of a mitotic proofs that 
begins in the oocyte before it is laid. The matnration spindle in the late 
oocyte is a precoaious and interrupted metaphase, preceded by an end-to- 
end pairing of univalents, and cwily differing from the normal type in 
consequence of its previous history and in the absence of asters or centro- 
somes. According to Boncuter, however, there are neither asters nor 
oentrosomds in the polar and segmentation mitoses of ihe Saw-flies. In this 
case the solid and top-shaped nuclei of the full-grown egg in Nmroterua are 
not nuclei in the strict sense of the word. The only account, as far as 1 am 
aware, of a comparable prolongation of the maturation process is that of 
HtHriobdella, where Shearer describes a protracted propbase lasting, for a 
week while the cytoplasm of the egg was still in its growing phase. 

It follows that in those Hymenoptera where similar matnration spindles 
hBve been described in the late oocyte, irregular methods for the extrusion 
of polar nuclei should prevail also. This appears to be the case in Martin’s 
account of AgeJaatpit, though details are lacking. Gratenby has described 
the formation of polar bodies in the Obalcid Trichogramma by what he terms 
“ amitosis.” It is, of coarse, of immense importance from the standpoint of 
the chromosome hypothesis to know whether amitosis occurs in germ nuclei; 
and if it is accepted that the nucleus of the full-grown egg in the parasitic 
Hymenoptera is in reality a condensed eqiuitorial plate, an apparent con¬ 
striction, simulating amitosis, does not imply an unequal distribution of 
chromatic elements, seeing that these are definitely orientated lengthwise in 
the complex. 1 have no hesitation in saying that the formation of imlar 
bodies in Triekogramtim cannot U justifiably contended U) detract from the 
accepted views as regards the [tersisfent individuality of the' cluomosomes. 

Mention has been made of Henking’s description of the maturation of 
the egg in Rhodilet, the solid nudeus of which is reminiscent of that 
of Nearoterus, the separation of the polar chromosomes being also similar. 
A comparison of Schleip’s figures of the chromosontos in the late oocyte with 
thei same stage in Andticutt as shown by Hefner’s plates, suggests very 
forcibly that they are in reality doubles and not univalent as Schleip 
believed*. I must, however, refrain from further comment on this head, 
seeing that I hope shortly to publish a full account of the chromosome cycle 
in this form. 

I have to thank Dr. Doncaster for provicfii^ me with material for these 
ohservatfons, as well as for advice. 


* I liave sinoe found tlmt sueb is •etuUy tiie 
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Notes upon the Reproduction olAsellus aquaticas. By Ernest E. Unwin, 
M.Sc. (Leeds). (Communicated by the Rev. T. It. R. Stebbing, M.A., 
F.K.S., F.L.S.) 

(Platks 25, 26.) 

[Bead 6tli June, 1919.] 

Introduction. 

Some years ago when beginning an enquiry into the life and structure of 
the terrestrial Isopoda, I started a general examination of the order ; and 
the fact that Asellus aquatkns was common in all ponds and streams and 
easily kept in captivity, led me to spend nof a little time upon its life and 
structure. I have kept it more or less under observation since. 

Many iuvestigalors have paid attention to this fresh-water isopod. Leyilig, 
Schneider, Roseustadt, Kimus, and more recently Wege and Kaulbersz, 
have published valuable papers *. Kimus deals exclusively with the struc¬ 
ture of the branchial pleopods in a comparative study of the hranchise of 
aquatic isopods. Wege uses Asellus for experiments upon regeneration of 
appendages. Kaulbersz, in a long and interesting paper, describes a large 
number of experiments dealing with the behaviour of Asellus under varying 
conditions of light and chemical stimuli, as well as some notes upon 
regeneration, reproduction, and moulting. 

The notes which follow are a contribution to a fuller knowledge of 
reproduction in tlie Isopoda. 


Reproduction. 

There is an intimate relation bi^tween the processes of reproduction and 
the change of cuticle. Both copulation and egg-hiying are herahled by the 
ecdysis of the female cuticle. It will be best, therefore, lo describe this in 
brief. The cuticle is always cast in two pieces: first of all the hind-half 
and then, after a short interval, the fore-half. This interval has usually 
been about 24 hours, but I have records varying from 8 liours to 3 davs. 

Both Kaulbersz and Wege confirm the normal interval; the latter writer 
has compiled an elaborate table in which a day is the usual interval, and he 
mentions that the normal time is from 12 to 24 hours. 

The splitting is always between the 4th and 5th thoracic segments. I 
have examined a large number of cast 'cuticles and have not, as yet, found 
an exoeption to this. 


* See " Bibliography,p. 842. 
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The old cuticle is split transverselj in the thin cuticle joining the tergn of 
the 4th and 5th segments, and then quickly the split extends laterally and 
ventrally. The creature holding firmly on to the weed with tiie first 4 pairs 
ot legs sways the hinder part of its body up and down. This action seems 
to help in the withdrawal of the legs and other appendages from the old 
cuticle. I have also noticed that the casting o£ the bind part is assisted by 
slowly walking forwards a ^ort distance; the friction of the legs of the old 
cuticle against the weed of the ground helps the withdrawal. 

1 have not been able to detect any other splitting ; each half is a perfect 
oast of the part of the body from wliich it comes. Atellus does not, as a 
rule, eat its oast cuticle. This is the usual procedure in tlie Onisooidea. 

Both Wege and Kaulbersz give tiihlos of the interval between two succes¬ 
sive moullings, and discuss the effect of various factors, such ns food, age, 
temperature, mutilation, upon this interval. With poor food the intervals 
average about 24 days; Wege has records varying from 8 to 30 days. The 
average time under normal conditions is about .3 weeks. The moulting in 
relation to the sexual processes will be discussed below. 


The sexes are distinct. FulUgrown males are much larger than sexually 
mature females. With a lens the males can be readily distinguished by 
the presence of the modified pleopods (second). During the summer some 
females prucMin their sex by the presence of a brood-pouch containing 
developing eggs or young Atelli. I have records *of egg-laying showing 
considerable variation ; the earliest date cm which I have captured a female 
with eggs in the brood-ponch is January 24tii, and if thq weather is fairly 
mild they can bo found in this colhdition as late as the end of November. 
In the North of England from April to June is the most active period for 
reproduction. 

Male. There are three pairs of testes ilying in the middle region of the 
thorax. Each testis is an ovoid body attached by a very short duct to the 
vas deferens of its side. The two vasa deferentia, fairly thick tubes, extend 
from about the 3rd or 4th segment to the 7th. Each opens separately by a 
spout-like aperture, which, protruding from the last thoracic segment, lies 
just in front of the small rudimentary first pleoimds (PJ. 25. fig. 6). They will 
discharge in the immediate vicinity of the second pair of pleo{>ods. These 
appendages (FI. 25. fig. 7) are modified for tile purpose cff passing the mgan of 
spermatozoa to tlie female. The structure can be seen from the figure. It is 
the endopodite which Ik specially modified, forming somethdng of a tnbe. 
The general shape is triangular, and its attachment to the protopodite allows 
great freedom of movement. The dlktnl end is kncd^^like, trith a pointed 
recurved process not fur from the end. 



JlKMODrOTION Of ASBLLTTS AQUATICUS. 


337 


The fourth pair of walking-legs are accessory organs. They will be 
described laler. 

Female* The ovaries are paired and He dorsal to the alimentary canal and 
hepatic cseca. In an immature specimen they are small and show little 
sign of eggs ; but in a female about to lay eggs, the ovaries are very large 
and conspicuous, extending the length of the thorax, and have the form of 
thin-walled bags packed with spherical eggs. The external openings of the 
oviducts can only be seen at a particular period. When the female has 
passed through the ecdysis which release.s the oo^tegites, the openings can 
be seen on the ventral surface at the base of the fifth pair of legs. They 
are narrow slit-like openings with thickened lips. By means of serial 
sections through specimens about to lay eggs after being released from the 
marriage-clasp, I found that these apertures lead into a fairly large S[)herical 
cavity in which a mass of spermatozoa could he seen. It is clear that these 
cavities function as receptacnla seminis. They appear to be lined with 
chi tin and communicate witli the ovary of the corresponding side (PI. 26. 
fig. 12). 

Marriage^clasp and fertilization*~lt is a very common thing to find 
specimens of Aaellus in the spring and early summer in pairs, a larger one 
above carrying a smaller one. These couples are always mule and female— 
male above, female beneath. This is the marriage-clasp, and the larger 
male always holds the female by a special pair of legs, the 4th pair, which 
are smaller and slightly modified for this purpose. The 7 pairs of legs 
normally increase in size from before backward ; but in a mature male this 
middle pair is an exception to this (PI. 25. fig. 3). 

The three distal segments are modified to form a hook. The carpopodite, 
with a flattened surface fringed by special spines, is the dorsal arm of the 
book, and grips the dorsal surface of the female’s thorax. The propodite 
and the dactylopodite act as the ventral arm of the hook, which bends round 
the edge of the tergum and grips the ventral surface. The gripping surface 
of these two segments is similarly flattened and roughened with spines. 
Each of the legs is able to bond inwards at the joint between the basipodite 
and the ischiopodite (PI. 25. fig. 3); this gives the legs a Z-like arrangement, 
and the female can be slung in the space between the ventral surface of 
the thorax and the legs oi the male. By varying the angle between the 
basipodite and the ischiopodite, the female can be raised or lowered for 
locomotion or feeding. Kauibcrsz does not mention these legs. The 
position of hooking is not quite constant, but is usually near the middle of 
the tliorax. 

The female does not seem to mind the inconveniences of her position, 
but resigns herself to the inevitable. When the male walks forward slowly, 
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she walks as well; bttt if he is moving rapidly, she allows herself fo he 
dragged along. In this case she hends her head and fore>part of the thorax 
downwards so as to present her rounded back to the rusli of water and to 
the obstacles that may be in the way. When the male stops she lifts her 
head and continues her feeding and breathing actions. The male is not 
inconvenienced by the presence of the female, as his larger sise enables 
him to reach forward in front of the female for food. 

If a male and female are put together in a dish of water, the process of 
oaptnre and hooking can be easily watched. When they meet, the male 
quickly seizes the female; sometimes he has a long chase before he can 
secure her. Kaulbersz gives some observations, noting that if several males 
are present there are fights for the female, and that yellow-coloured-males 
usnally come out victorious. The female is secured by the 1st pair of legs, 
which are prehensile. In the male these legs are especially large and 
powerful (PI. 25. fig. 2). The figure shows the modification. The propodiie 
is much enlarged, forming one side of the claw, and containing the powerful 
muscles for working the dactylopodite down upon it. Both of the segments 
have the opposable faces roughened with spines, and, in addition, there is a 
process carrying a few large spines near the proximal end of the propudite. 
The carpopodite is very much reduced. 

When the male grasps the female, be turns her quickly over, as though 
inspecting her condition. If she has been impregnate I already, or has the 
brood-pouch developed, he releases her at once; if she is in the right 
condition, he quickly turns her about until he can hook his 4th pair of legs 
over the edges of her thorax. I do Hot find that he prefers to lie on his 
right side as Kaulbersz suggests; indeed, he more often lies on his back 
so as to bring all his legs into use. Having secured the female, tiie male 
rights himself and walks oiF with tlie female sinng beneath. 

The real meaning of this association of male and female lias become clear 
by a number of observations made in the spring of 11^)8 and verified several 
times since. Most observers refer to this association and to the varying 
times of its duration; but they have not appreciated the real siguifioance of 
it or the reason for the longer or shorter time association in this marriage- 
olasp. 

The length of the period of association depends upon the nearness of the 
next female eedysis. Impregnation and egg^aying cannot take place until 
a obange of cuticle releases the large oosteiptes for the brood-pouch and 
exposes the external openings of the oviduct. It is the casting of the hind- 
half of the female entire which gives the signal for the attentions of the 
niale, and this casting is always acoqmplisbed before copulation. If one 
ihinks of ^e short time which ekpsee between the easting of tile cutiole and 
egg-laying, as weU as the delicate condition of the creature at the time, it 
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will be obvious that the association is of real value, Tlie chnnco of male 
and female not meeting at the right time, and the fact that in all probability 
the female would be in hidings makes this marriage-clasp most important. 

When the ecdysis is about to take place, the male gives his attention to 
the female, and seems to assist her in working oft’the hind-half by walking 
slowly forwards a few steps and by holding her in such a position that the 
waving motion can be performed with case. When the cuticle is cast, the 
female is ready for the attentions of the male. He need not wait until the 
fore-part is cast, for the ovidiical openings are on the 5th thoracic segment, 
and this segment is exposed by the casting of the hind-half. The male now 
adjusts the position of the female so that lier 5th thoracic segment is 
immediately below his 2nd pleo[)od. Kaulbersz mcntioiis that the impreg¬ 
nation takes jdace with tlie creatures belly to belly. I h.ave never seen this. 
All that I could see of this operation was a sideways sliding of the body of 
the male, so that the ventral surface of his IkxI y press(‘d against the side of 
the femah/s thorax. It looked almost like a hugging of the female, and the 
arrangement would certainly bring the 2nd abdominal appendages into the 
immediate neighbourhood of the female reproductive openings. After 
occupying this pOvsition for some time on one side, lie elianged sides and 
the operation was repeated, I have kept couples under observation during 
the whole of this period, that is to say from the easting of the liind-half to 
the release of tlie female, and have never seen the two individuals witli 
ventral surfaces opposed. The length of this active copulation period varies 
somewhat. In one case it only lasted an hour, Tlie hind-half of the 
female’s cuticle was finally (;ast free at 8.30 p.m. after two hours being spent 
on this operation. The male waited about 20 minutes before beginning 
copulation, and this was completed and the female released by 9.30 r.M. 
This was the shortest time recorded, the average being from 2 to 3 hours. 
In one case it lasted 5 hours. 

After separation from the male, the females bad a mass of spermatozoa in 
the expanded receptacles just within the openings on the 5th thoracic 
segment. I have verified this by dissection and by paraffin sections (PI. 26. 
fig. 12). 

The female is now released, as the purpose of her long association with the 
male has been achieved ; and she seeks .some convenient hi4iiug-p}ace, under 
a leaf or stone or in a hollow stem, to await the completion of her cedysis, 
and with it the release of tlie oostegites. This completion of the eedysis 
takes place usually about 24 hours after the first jiart, but I have a recoid of 
8 hours only. 

The oostegites are now released. Up to this they have been ref>resented 
by small club-like processes; but if one of these is examined, the much 
larger pkte-Uke oostegite is seen folded up within, like a leaf in a bud waiting 
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for its release at tlfe time of ecdysis. Eaoli oostegite is a large free oral 
plate, overlapping its neighbours and its fellow of the other side tp form a 
very safe brood-pouch for the reception of the eggs. . 

The first 4 pairs of legs carry these oostegites attached to the ooxopodites. 
The general structure can be seen by reference to PI. 86 . figs. 10 &, 11. It 
is interesting to find that the detailed structure of the oostegites is very like 
that of the branchial plates. Both surface observations of living oostegites 
and transverse sections of fixed material reveal a very similar arrangement 
to that found in the 4th pair of pleopods. It is easy to see in living 
specimens the flow of blood through the oostegites, and tliey show blood- 
spaces and “pillars” of much the same structure as those described by Kimns 
in connection with the brancbise of Asellus. When the oostegites are 
released, the next operation is the passage of the eggs from the ovary to the 
exterior by way of the very short oviduct and receptaculnm seminis. The 
fertilization probably takes place at this time, and the eggs are |»a8sed out 
through the aperture at the base of the 5tb pair of legs and conducted into 
the brood-pouch. The 4th pair of oostegites can, by a slight bending of the 
body, he made to overlap the a]>erture8 through which the eggs are passed 
out. In this way, and ity the help of the last two pairs of thoracic legs, the 
eggs are passed into the brood-pouch. 

This operation does not take place directly the hrood-ponch is available ; 
a period of from 5 to 12 hours elapses before the brood-ponch is filled with 
the eggs. 

The number of eggs laid at a time varies somewhat, tiie smallest 
number which I have found being 39^ and the greatest 62; the average 
of many specimens is 46. 

The succession of events can now be summarized :— 

1. Male and female in association until the hind-half of the female 

cuticle has been oast. 

2. Impregnation of the female by the male. 

3. Female released by the male from the mairiage-olasp. 

4. Fore-half of the female cuticle cast; the oostegites are released 

thereby. 

5. Fertilization and passage of eggs into the brood-pouch. 

Development period.—The eggs uro well suj^lied with yolk, and the whole 
of the development takes places inside the hthod<«ponch, which is, as we have 
seen, extarhai to the body and contained between the ventral body-wall and 
the overlapping oostegihls. The problem of a constant supply of fresh water 
is solved in several ways. 

The movement of the legs in walking will uanse a certain amount of 
movement of the oostegites and thns cause n ;all^t changing of the water ; 
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but there are definite and very effective methods of doing this. The first 
one to be noted is the lowering and raising of the oosiegites themselves. 
Ihe plates slowly lower a little way. The appearance is as though the 
brood-pouch was swelling. Then the plates return rathor quickly to the 
normal position. A considerable change of water is caused by this method, 
and the eggs are seen to shake about during the operation. If the animal is 
undisturbed, this operation may be repeated about 8 times a minute for 
10 minutes or longer; and then a period of rest before restarting another 
set of pulsations. By the use of powdered carmine the effectiveness of the 
method was easily demonstrated, and it was clear that the flow of water was 
from behind forwards. The carmine was sucked in at ihe hinder end of the 
punch and, after several movements of the plates, was entirely removed. 

The 1st pair of legs is carried bent inwards at the joint between the 
basipodite and the ischiopodite, to form two elbows which repeatedly jerked 
backwards into the brood-pouch whilst the plates were being lowered and 
raised. By fastening the legs so that they could not do this, I found that 
they acted as guards at the exit of the brood-pouch. By their action they 
prevent eggs escaping with the outgoing rush of w^ater. Quite a number of 
eggs escaped whilst the legs were not in action, but under normal conditions 
I have never seen them esca])e (Pis. 25 & 26. figs. 2 & 10). 

There is a further method of changing the water in the brood-j^ouch. It 
is a less vigorous method than the one just described, and is not seen during 
the movements of the oosiegites. It is in the periods of rest between the 
pulsations of the brood-pouch that the flapping movements of the maxilli- 
pedes are noticed. The iiiaxillipedes are broad and plate-like, and are 
situated just in front of the 1st pair of oostegites. By their flapping 
movement they draw a steatiy stream of water through the brood-pouch. 
Pi. 25. fig. 5 shows one of these iriaxillipedes taken from at female with a 
brood-poiudi packed with eggs. If it is compared with a niaxillipede of a 
non-ogg-carrying female or of a male (PI, 25. fig. 4), it will be seen that 
a coxal lobe is present. This lobe is covered with feathered setae ami 
j>rojects a little way into the brood-pouch (PI. 26. fig. 10). The addition of 
this feathered lobe will make the inaxillipede more effective as a current 
producer; but their position and structure make them effective guards 
against the escape of eggs during this oi»eraiioii. The 1st pair of legs 
only come into action during the more vigorous method. 

This coxal lobe is only found on the maxillipedes of a female with brood- 
pouch. In a female taken from the marriage-clasp, and about to cast the 
cuticle, the new chitinouB cuticle, with the coxal lobe, could be seen under 
the old cuticle of a normal maxillipede, ready to be pushed out wln ji the 
old cuticle was cast. 

The eggs take about a month in their development. The tiny AselU 
lANN. JOURN.—200L0GT, VOL. XXXIV. 26 
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remain for some days in the brood-f each, eatiag the debris and genemUy' 
getting used to life before straggling oat of the pouch at the hinder end. 
There is no general escape of the young; they pash oat by twos and threes, 
and even after a week or ten days one or two young Atelli can be found in 
the poach. 

Here are three typical periods of development:— 

Eggs laid Feb. 18th ; yoang escaping Mar. 20th. 

„ „ Mar. 7th; „ „ Apr. 7th. 

„ „ Mar. 28th; „ „ May let. 

Soon after the escape of the young, the female passes tliroagh another 
eedysis and returns to the condition similar to that of the normal female. 
The large oostegites are replaced by small processes. 


Note upon a variation of the 1st pleopod of the female .—In PI. 25. fig. 9 is 
shown a carious variation of the Ist abdominal appendage. The normal one 
is seen in PI. 25. fig. 8. It approximates to the 2nd abdominal appendage 
of the male (PI. 25. fig. 7). 1 discovered it whilst watching the circulation 
of blood in the oostegites of a living female with eggs. The unusaal 
appearance of the appendage attracted my attention. I examined at once 
every available female, 35 in number, bat did not find another with any 
such variation. Ebkest Bwakt Unwin. 
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EXPLANATION OF THE PLATES. 

Platk 25. 

Fig. 1. Last thoracic leg (7th), for comparison with the specialised legs in PL 25. figs. 2 

& a. X ao. 

Fig. 2. let thoracic leg of cJ • X 30. 

Fig. a. 4th „ „ „ X 80. 

Fig. 4. Maxillipede of a female during the noii>reproductive stages, x 30. 

Fig. 6. „ „ „ „ „ brood-pouch stage, x 80. (Notice the coxal 

lobe ep,) 

Fig. 6. 1st abdominal appendages of cf with the spout-like terminations of the vasa 
deferentia. X 80. 

Fig. 7. 2nd abdominal appendages of d. x 30. 

Fig, 8. I st abdominiil appendages of $. x 80. 

Fig. 9. Variation of 1st abdominal appendage of $. x 30. 

Plats 26. 

Fig. 10. Ventral view of female. X 10. All the thoracic legs, except the 1st left, have 
been cut oil. 

Fig. 11. An ooategile, ventral view. X 40. A part of the leg is omitted. 

Fig. 12, Transverse section through the 3th thoracic segment of £ taken after impreg¬ 
nation by the male but before the eggs were laid, x 40. 


Iiefert>ne€s, 


cx, coxopodite. I 

bp. basipodite. | 

iKch, ischiopodite. ; 

mer. meropodite. 

(?/>. carpopodite. 
jDp. propodite. 
d(tp. dactylopodite. 

€ 7 >. coxal lobe. ! 

I 

/. leg in T. S. ! 

Qost. oostegite in section. I 

t. intestine. ’ 

u. nerve-curd. 

Ac. hepatic caecum. j 


ithtp. maxilliped. 

li, 1st tlioracic leg. 
voit, oostegite. 

Ist abdominal appendage. 
exp. exopodite of the 8rd abdouj. append¬ 
age. It acts as an operculum for 
the other branchue. 

ou. ovary. Egg, full size, ready to be 
passed out. 

ep, mass of spermatozoa in the I'ecepta- 
culum seminis. 

I. rec. aperture for entrance of sperm-mass 
and for escape of eggs. 
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Report on the Stomatopoda and Mncrnrous Deoapoda collected by Mr, Cyril 
Crosslaiid in the Sudanese Re<I Sea. By Wai-tbu M. Tatteksall 
D.Sc. (Viot.), Keeper of the Manchester Museum. (Communicated 
by W. A. Herdman, F.R.S., F.L.S.) 

(Pl,ATB8 27, 28.) 

[Read 19th Jiine^ 1919.] 

The collections of StomatopodH and Macrurous Decapoda collected by 
Mr. Orossland in the Sudanese Red Sea were kindly entrusted lo me for 
examination and import by Professor W. A. Herdman, to whom I desire to 
express iny thanks for the of)portiinity of examining so interesting a 
collection. The latter comprises 10 species and varieties of Stomatopoda, 
and (50 species imd varieties of Macrurous Decapoda, 8 of which, viz., 
I Athanat^ 2 Alpheus^ 4 rerielimenes^ and 1 Ifikoides^ I have been unable to 
determine specifically owing to the defective nature and small number of the 
specimens. Four s{»ecies are deseril)od as new to science— Athxinas cross- 
landi^ Stpnilpheus <immfuedens^ PericUmenes calmani, and Upogebia pseudo^ 
chelaUt, and a furtlier twelve species are new to the fauna of the Red Sea. 
These latter are Penwopsh stridulans (W.-M.), Evsiegonia carinaia (Oliv.), 
Athanas parruSj De Man, Synalpheus streptodactylus, Cout., Synalpheus 
hululensiSy (^out,, Alphetts biicephalotdes, Nobili, Alpheus consobrinuSj De Man, 
Harpilius deprcssus (Stiinpson), Harpilius geriacheu Nobili, Anchistus inermis, 
Miers, Leander concinmts (Dana), and Gonodactylus pulchellns^ Micrs. 

Among the more interesting points brouglit out by the material in the 
collection are:— 

The materia! of Gonodactylus demani and its variety spinosus suggests that 
these two forms are constantly distinguished by characters which may 
ultimately be considered of specific value. 

Goimiactylus hrftnsquaniatus^ Paulson is represented by nine specimens, 
and my observations lend support to Mr. Patience's view that G. fimlmatus 
of Lenz is synonymous with Paulson’s species. 

I am able to supplement Nobili’s descriptions and figures of Pe^ivopsis 
stehbingi and P. vaillanti in some few points. 

My observations on the species of the genus Athanas have led me to 
suggest a slightly different explanation of the so-called triinorphism ” 
discovered by Kemp in A* polymorphus and to show that dimorphism among 
males is exhibited by at least three species of the genus. 

The rewlisoovery of Synalpheus savignyi, Glutir., apparently lost sight of for 
nearly a hundred years, is a point of some interest. 

JOTTBN.—ZOOLOGT, VOL. XXXIV. 
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I have snggested that Pontoma pinnae Ortmann, is a synonym of the 
earlier described Anehistus inertnis (Miers). 

The examination of the single specimen of Leander tenuieormt, Say 
(=:L. natator, M.-Ed.) emphasises the necessity of a revision of the genus, 
with special reference to the number of joints in the mandibnlar palp and 
its valne as a generic character. 

Tho most' recent complete list of Red Sea Crustacea is containeil in 
Nobili’s work “ Fauna carcinologiqne d« la Mer Rouge,” where 142 species 
of Macrurous Deoapoda and 16 species of Stomatopoda are enumerated. 
Of the Stomatopoda, Gonodactiflus graphuru$ is considered by Kemp as a 
doubtful record, leaving 15 species of tliis group as members of the Red Sea 
Fauna, to which the present collection makes no additions beyond recording 
Goiiodaelylus pulehellus, Miers, definitely from within the Rea Sea proper, 
this species appearing in Nobili's list on specimens from Aden. 

Kobili's list of Macrurous Decapoda omitted the following species recorded 
by earlier writers :— 

(1) Synalpheut tavignyiy the name given by Qti4rin to the Athanat 

niteseem of Audouin and Savigny’s great work. 

(2) Pteroearis tgpica and Lysmata truetaeea, both described by Heller 

from Red Sea specimens. 

(3) Peiueopm velutinm, Dana, recorded by Paulson in 1875. 

(4) Parahetmis ndliereti, recorded by Couti^re (1897 a). 

(5) Alphetis djeddemts, Cont., and A. maerodaetylus, Ortm., recorded by 

Ooutiere (1897 e), and A. tmlleodigUm (Sp. Bate) by the same 

author (1899). 

Since Nobili’s paper appeared the following additions to the Red Sea 
fauna have been made :— 

(1) Coutifere in 1909 added Synalpheut hrroni, Oout., and in 1910, Sarm 
neglectus, De Man; (2) De Man in 19095 added Alpkeut djiboutentit. 
Gout.; and (3) Balss (1914d & b) recorded the following eight 
additional species: — Haliporut tteindaehteri, Balss, Parapenmts 
fitsurus (Sp. Bate), Pam/>anda/us prt<t»(Eis8o) md P. adentamen, 
Balss, Dorodotes leyicanna, Sp. Bate, j^geon penmtut, Sp. Bate, 
Slenopus epinosus (Risso), and Paratypton nebenroeki, Balss. Admits 
ting the validity of all the old records and with the addition of the 
11 species herein recorded for the time from the Red Sea, and 
tho four new species described below, the total number of Macrurous 
Decapoda now known from ilie Red Sea amounts to 176, an increase 
of 34 on Nobili’s liotal. 

The Red Sea in the past has received a oonsiderable amount of attention 
at the hands of carcinologists, with the result that no fewer than fiO oqt of 
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the 17C »f>ecies (35 per cent.) of Macrurous Decapoda known from its waters 
have so far not met with outside that area. In iitteinptin^ to make a 
comparison ot the species found in the Bed Sea with those found in other parts 
of the Indian and Pacific Oceans, such as has been done by Laurie (1915) 
for the Brachyura, it at once becomes evident tliat our knowle<lge of the 
Macrurous Decapoda of tlie Indo-Pacific region is not nearly so complete 
as it is for the Brachyura. The enquiry is complicated by the intricate 
synonymy of various species particularlj' among the Pemcidm and tlie 
Alpheidse, so that an exact knowledge of the distribution of many of 
the species is not easily come by. The general results which have emerged 
from my enquiry as to the distribution of the species found in the Bed Sea 
may be stated as follows :— 

Persian Gulf. NobiH, 1906 5. 

26 Red Sea species are recorded in tliis report from various stations 
in the Persian Gulf and Arabian Sea ^=15 per cent, of the total Red 
Sea species. 

Muldive and Laccadive Archipelago. Coutiere, 1905. 

A comparison between the whole of the Macrnra of the Red Sea 
with those of the Maldives is not possible, but the Al])beidfe of the 
latter locality have been thoroughly worked by Coutiere and afford 
material for a comparison. 35 out of the 69 species of the Red Sea 
Aiplieidse or 50 per cent, have been recorded from the Maldive 
Archipelago. 

Ceylon. Pearson, 1905 and 1911. Kemp, 1914. 

27 out ot 176 Rod Seii species or 15*5 per cent, are included in 
Pearson’s papers. 

The Alpheidfc again afford^a l)eiter basis for a comparison, 14 out of 
69 Red Sea species, or 20 per cent., having been recorded from (\*yl()n. 

India. Alcock, 1908. Henderson, 1893. Kemp, 1914 & 1915. 

A total of 28 Red Sea species.out of 176 or 16 per cent, have been 
recorded from the coasts of India. 

The families of the Penseidse and Hippolytida? are [lerhaps the 
best known of the Indian Macrurous Decapods. Of the Ibrmer 
(Alcock, 1906^ 7 Red Sea species out of 19, or 37 per cert., are 
known from India, and of the latter (Kemp, 1914) 7 Red Sea species 
out of 12, or 58 per cent., are also Indian forms. 

Malay .Archipelago and Dutch East Indies. De Man, 1887, 1888, 
1896-98, 1902,1911a & 6. 

The waters of this region of the Indo-Paeific have been more 
thoroughly explored than perhaps any otlier, and the comprehensive 
works of De Man afford material for a more exact comparison of the 

27* 
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Maorarons Deoapoda of the Tied Sea and the Malay Arohipelngo than 
is possible for any other region. 

57 ont of 17€ Bed Sea species; or 33 per cent., are known from the 
Malay Archipelago and its adjacent waters. This percentage agrees 
closely with that given by Laurio for the Brachyura of the Bed Sea 
compared with the Sej'chelles, Maidive Archipelago, Ceylon, and the 
Hawaiian Isles. 

The Siboga Beports on the Penieidse and the Alpheidse provide 
interesting resnlts. 

9 out of 19 Bed Sea species of Ponseidte or 47‘5 per cent., and 29 
ont of 69 Bed Sea species of Alpheidm or 42 per cent., were taken by 
the Siboga Expedition in the waters of the Dntch East Indies. 

East (loast of Africa. Borradaile, 1910. Lenz, 1905 and 1910. 

Miers, 1884. Ortmann, 1894. 

29 ont of 176 Bed Sea species, or 16*5 per cent., are known from 
this region. 

It is obvious from those results that much remains to be done before the 
Macrurons Decapoda of the Jndo-Pacific can be said to be fully known. 
So far as they go, they support Jjaurie’s contention that the fauna of the Red 
Sea forms an integral part of the fauna of the Indo-Pacific Ocean. 

To save frequent repetition T give a list of stations from which the present 
collection was made. It has been compiled to suit the present report, from 
Laurie (1915, p. 419). Crossland (1907) should be consulted for a detailed 
account of the collecting grounds. 

I. Suez. Lat. 28® N. 

A. Snoz mud-flats. 

B. Suez flats and docks. Dec. 1904. 

C. Suez mud-flats and dock walls, from yellow sponge. 

D. Suez, from among coral. 

E. Purchased, Nov, 1904. 

II. Mersa Wadi Lehama, Egyptian coast. Lat. 24° 45' N. 

III. Mersa Abu Hamama. Lat. 21° 30' N. 12 fathoms. Mud. 

IV. Khor Shinab. Lat. 21° 20^ N. 10-12 fathoms. Mud among 

sponges and Polyzoa. 

V. Khor Dongonab. Lat. 21° 11' N. to lat. 20° 50' N. 

A. Washed from nullipore and branched coral from the reef 

off Beacon Island. Lat. 20° 55' N. 26 April, 1905. 

B. Just west of Beacon Island. Lat. 20° 55' N. Washed 

from nullipore dredged in 3-5 fathoms, 26 April, 1905. 
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C. Engineer Island. Ijal. 20’’ 50' N. Washed from old 

coral and weed obtained from lieef Flat. 

D. Engineer Island. Lat. 20® 50' N. Washed from weed 

and coral dredged in 3 fathoms of water. 

E. Khor Dongonab. Among coral on reef. 

F. North of the Barrier (see Crosslaud’s map, p. 15), 20 

fathoms. Mud. 

G. Washed from ribbon4iko s]tonge characteristic of the 

nullipore Iteds. 

VI. Mersa Ar-rakija. Lat. 20° 15'_N. Among coral in one fathom of 

water. 

VII. Suakin Harbour. Lat. 19° 8' N. 

A. Suakin Harboui*. 

B. Suakin Harbour. 26 Jan., 1905. 

(’. Suakin Harbour. From coral, 1905. 

D. From ascidians and barnacles of buo^ moored in Suakin 

Harbour. 

E. Washed from sponges. 

F. „ „ ., 11 Jan., 1905. 

G. Commensal in Black Pinna. 

VIII. Shubuk. Lat. 18° 52' N. to 18° 43' N. 

A. Mersa Makdah in Shab-nl-Shubuk. 

B. We Shultuk, south-east corner. 16 Feb., 1905. 

C. “ Dredge washings, 17 Feb., 1905.’’ 

IX. Telia Telia Kebirn, a small group of islands in the northern part of 

the Suakin Archipelago. Lat. 18° 48' N. 

A. Telia Telia Kebira. IVashed from the half-loose coral 

fragments and nullipore which compose the edge of the 
Southern Reef. 3 March, 1905. 

B. Telia Telia Kebira, From sand. 

X. Trinkitat Harbour entrance. Lat. 18° 40' N. 2 fathoms. Rock, 

weed, and nullipore. 

XL Agig. I ^at. 18° 13' N. From among coral in 4^ fathoms of w^ater. 

'The distribution of the species in the present collection among the above 
statiims is set forth in the following table, from which it will be seen that 
the coral reefs at Khor Dongonab and Suakin Harbour were by fur the most 
productive in species. 
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Li«t op Lttekatuue. 

The following list contains a oonipleto bibliography of all papers as far as 
I have been able lo discover, which deal in any way with material of 
Macriiroiis Decapoda and Stoniatopoda from the Hod Sea. As regards the 
Pcmcidfc and Alpheidfe, T have included in the synonymies of tln^ species, 
as far as possible, references io De Man’s Siboga reports, as the last authori¬ 
tative pronouncement on these two families. In the same way Kemj/s ])aper 
on the Hippolytidai (11)14) has becm used for that family, and the same 
author’s monograph on the Stoniatopoda (1913) for that group of ('rusiacjea, 
while Borradaile’s monograph of the I’ontoniiiue (1917) has been follo\\cd for 
that group. 

Alcock, a., 190(3.—Catalogue of the ludiaii Pecapod Ci‘ustiu‘i*a in the collection of the 
Indian Museimi.—Part 111. Macrura. Fasc. i. The j*ni\Mis of 
the Peneus group. Calcutta, pp. ii-foo, pis. 1 9. 

AunoriN, V., & Savioxy, .1. C., —Explication eoinmaire des plancheh dont h‘^ desbiiii 

out ♦'^td founds par M. J. C. ISavigny. J>e^cnp. dt5 TEg^pte, 
Histoire Nuturelle, Texto, tom. i. })t. 4. (‘nistact's. IManclies. 
tom. ii. 

Halss, II., 1910. —** Ubor Stomatopoden des Kothon Moores,” /V///,. d. }nnth,''n>ituvwi8s. 
Kiassi* d, JBur//V. Ahad. U'm. vol. l.\xxv. pj». 11 14. 

,, 1011, I'her oinige Pontoniida*.'’ ^Ofd, Anz. lid. \1\ pp. ?<;{-, ss. lU text-ligs. 

„ 1914.—tn)cr oinigo iutorcssunte Docapoden dor M*oln'-KxpoiUtion in das 

Itote Meer.'’ Wien. Anx. Ak. Winx, 1914, pp. l.Tt Pl'.h 
PiGKLow, IJ. P., 1893.—** Preliminary Notes on the Stoiiiafop<>dii of the Albatross ( *o11k> 
tioiis and on other specimens in the National Museum.” Johns 
Hopkins Univ. (Vro. No, 109, ]»p. lOO-lO^. 

„ 1894.*—Keport on the Crustacea of the Order Stomatopoda oollccted by 

tlie steamer ‘Albatros^^’ betwoui 188o and J89J, and on idher 
specimens in the U.S. National Museum.’’ l*nir, U.S. yat. 

>oL Avii, pp. 489-5o0. 

PointAPAjLi:, L. A,, 1898fi.- ‘0)n sonic Crustaceans from the iSontl) Pacific.*-“I*art III. 

Ahicrura.*’ iVoc. /kwi. .Vbr?. jjp. 1000-101/>. 

„ 1898 A— A Eevision of the Poiiloniid.-o. " Ann. Mwj. Nat. Ihst. 

ser. 7, vol. ii. pp. 370-391. 

„ 1899.—“()u the Stomatopoda and Alacrura brought by Ih*. Willey 

from the South Seas.’^ Withy s Zoohyiofd Hesults, pp. 39.*) 428. 

„ 190.3.—On the Clas.'^ilication of the TlnJa.ssinidoa.” Ann. May. Nat. 

Hist. ser. 7, vol, xii. pp. 534- 

„ HX)7.—*‘Stomatopoda from the* VVo.-.torii Indian Ocean.” Trans. 

Linn, iSoc, Londmi, ser. 2, Ze>ol., vol. xii. pp. 209-210 
1910.—^‘Peuaeidm, Stenopidea, and Kejdantia from the Western 
Indian Ocean.^’ Trans, Linn, &oc, London^ ser. 2, Zot>l., vol. xiii. 
pp. 257-204. 

,) 1915.—“Notes on Carides.” Ann, Mag. Nat, Hist. ser. 8, vol. xv. 

pp. 205-213. 

„ 1917.—“ On the Pontoniinse.” Trans. Linn. Soc. London 2, Zool, 

* vol. xvii. pp. 323 -390, pis. 52-57. 
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CalmaN) W, T., 1909.—The genus Drtiiuuni, nnd the Post-larval I)e\elopment 

of the Spiny Lobattu-s (Paliiiuridie).*’ yJwyo J/////. Kaf, Hut. 
«er. 8, vol. iii. p. 441. 

OoLosi, (1., 1918. —'* Crostacei Decapodi raecolli nella Somalia dai dolfori Stefanini e 
Paoli.’* Mon. Zool. ItuL. Anno xxix. no. 7, pp. liH)-10s. 

OorxiKKE, 11., ISJH)«.—“Note siir Alphem Tldwnrili^iiy Aiubmiii.’' UhH, Mhs. l^aru, 
tom. ii. no. 5 , p. 100. 

r 1890 6.—“Note sur un nouvel AlphvuU'^y/>Wr/'Us Joifgiscof/fjieiV'' Bull. Soc. 

Ent. France, p. 010. 

M 18‘90<?.—“Note sur Betcem jornmaninri" linU. Mtu. Farts, tom. ii. no. 0, 

p. 2VS. 

„ 1897 a .—“ Notes sur quelqnos gejir»-s iioiiveaux on p«Mi romnis d Alplieides, 

Ibnnant la sous-iaiiiille dos ‘ Alplif()p>id>‘-.'” Ball. Mus. Farts, 
tom. ii. no. 8, p. 080. 
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STOMATOPODA. 

(ienns Squilla, J, C. Fahneins, 

SQrihLA MASSAVENSis, Kossmcinriy Sec Kemp, 1913, p. 7(1. 

Localkt/. Station L E, 3 ? , 21(5 ram. 

Remarks* These speedmens are considerably larger than any which have 
hitherto been recorded. Eossmanii^s type measured 140 imii,, Kemp’s largest 
specimen Iiad a length of 108 mm., Nobili gives the length of one of liis 
specimens as 134 mm., while Bulss gives no size for tho.se he examined. 
They agree very closely with the descriptions given by Balss and Kemp. 
The latter author, however, states that the anterior bifurcation of the median 
Carina of the carapace was not present in any of the spe<*inions he examined. 
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Sf)? 

This feature can be distinctly traced in the specimens hero dealt with, though 
the actual carinaj are almost obsolete. The three rows of tubercles on the 
telson are well developed. 

JHstrihniio)i, Hod 8oa (Kossman. Nobili, Balss) ; (Julf of Oman and 
Persian Unlf (Kemp). 

Genus PsErDOsr^Uim.A, I>ana^ 18,>2. 

PsEUDOSQUlLLA CILIATA {Fabricvis). See Kemp, IDlo, p. yO. 

Locality. Station II, 1 cj, 50 mm. 

tiemarks. 'J'liis specimen is an absolutely typical examj)le of the species, 
without a sfu’neon tin* posiero-lateral angle of the fonrlli abilominal segment, 
and having the inner spine of the bifurcate pro(‘(‘'‘S of the nro]) 0 (l sligbtlv 
longer than tin? outer. 

Previously nvordcd from the lied Sea by Nobili, lyOt!, and Baiss, 1910. 

PsErhOSQriLLA ME(UIA)PHT11ALMA./iw/o/r, 1894. Sir Kemp, 19B5, p. 103. 

(PI. 27. figs. 1-3 ) 

/joculitff. Station IX. B, 1 ? , 30 mni. 

iLeoiarks, It is with a considerable amount of reserve that I refer this 
spi*cimen to Bigelow’s species. ( ompared vvitli his description the following 
differences are to be* noted : — 

(1) Tlio corneal axis of the eye (PI. 27. fig. 2) is only five-sixths of the 
peduncular axis. In Bigelow's specimen the corneal axis is consiiierably 
broader than the jiodnneular axis (11 to 8). 

(2j The l(*?igth of the rostrum (PI. 27. fig. I) is ()nl\ fonr-‘^eventlis of the 
br<*adth. Jt is thus shorter than in Bigelow’s specimen (where the j)ro- 
portions are 5 to 7), ami, though it covers the ophthalmic segment, it leaves 
the wliob* of the eye itself expose<l. 

(3) The lateral margins of the eighth thoracic segmeTit are provided witli 
a well-marked notch. No numfion of such a notch is made by Big<*lo\v. 

(I) There are only six spines (PI. 27. fig. 3) on the sixth abdominal 
segment, there being no trace of the small spines on the inner side of the 
intermediate«j mentioned by BigeK)\v. 

(5) Only the fourth, fifth, and sixth segments of the abdomen have sjdiies 
at the ])ostero-lateraI corners. In Bigelow’s specimen, the second ai.d third 
.segments also had these s])ines. 

There are eight earinm on the dorsal surface of the telson (PI. 27. fig. 3). 
in addititm to the median one. In the nomenclature used hy Kemp, these 
Carina* are the submedian, ifitermediate, second lat<‘ral, and marginal, the 
first laterals being absent. If my identification of this Ki»ecimen is correct, 
it supports Kemp*s suggestion that the carina' next the marginals in this 
species are homologous with the second laterals of his nomenclature. In the 
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present spocimen they are quite well marked and terminate in the lateral 
spines of tlui telson. The submedian cavina?> of our specimen are interrupted 
at about their centre. This may be ulifit Bi^^cdow means in calling it 
serrated. 1 may also remark that between 1 he submedian ami intermediate 
spines of th(^ telson there are two lobes on the left side but only one on the 
right. There ar<‘ ten spines on the outer margin of tlie proximal joint of 
the ( xopod of the uropods, the last of which reaches the level of the apex 
of the distal Joint. The outer ^pine of the bifurcate process of the uropods 
is slightly longer than the inner, the hitter reaching the apex of the endojiod 
of the uropods, the former reaching half-way down the distal joint of the 
exopods. The raptorial claws of this specimen agree with Bigelow^s 
de.scri[)tion in having the pectinations on the inner margin of tlie propodiis 
confined to the proximal half of that margin. There) are no traces of eye- 
spots o!J the carapace. The most serious differences from Bigelow’s 
descrij)tion presented hy the ]u*e>ent specimen are the characters of the eye 
and the number of spines on the sixth abdominal segment. The iiotcli on 
the lateral margin of the eighth thoracic segment may have been overlooked, 
while the spiniform nature of the postero-Iateral cornors of the abdominal 
segments is a variable character. Nobili, in recording this spi'cies from the 
Bed Sea, notes that in his specimens only the fourth, fifth, and sixth segments 
of the abdomen had spines at the postero-lateral corners. But in his 
specimens the inner and outer spines of the bifurcate process of the uropods 
were subequal. He makes no mention of the size of the eyes, and we must 
})resume that tlie Mxtli abdominal segment bore eight sjdnes. The nearest 
relative of this species is P, ocnlata^ from whicli the present specimen is 
distinguished hy the absenei' of a spine on the rostrum, and hy the presence 
of second lateral carime on tlie ielson instead of first laterals.*' On tlie whole, 
I prefer to leave the present sfiecimen in the speck's to which I have referr^'d 
it. More material of both sexes is required before it can he stated whether 
the differences I have ]K>inted out between my specimen and Bigelow’s 
description are constant enough to he of specific importance. 

Since writing the above, I have received a copy of Mr. Kemp^s piaper 
“On a collection of Stomatopod (hmstucea from the Philippine Islands,'’ 
in which he gives some notes on a single specimen of Psendostjinlla me(jalo- 
phthalma wliich ho examined from that locality. I am now.certain that my 
specimen belongs to tliat s[)eeies. Kemp’s specimen agrees with the present 
one in characters 3, 4, and 5 given above as points of difference between my 
Kspeeimen ami Bigelow’s description. Kemp gives no measurements for the 
eye, and the rostrum of his specimen is longer in jiroportion to the breadth 
than in mine, hut these differences are trifling. Unfortunately, the Red Sea 
specimen shows no traces of the distinctive coloration described by Kemp. 

Pistrihution. Mauritius (Bigelow) ; Obock in the Rod Sea, and Djibouti 
(Nobili) ; Philippine Islands (Kemp). 



MACIllTKOrS DBCAPODA OF THK SUDANESE KED SEA. 


309 


Genus Lystosqutlla, Dana, 1852. 

LYSIOSgUILLA MULTIFASCIATA, Wood-Musnn, 1895. Kemp, 1913, p. 122. 

(PI. 28. fio*. t;.) 

Station VI IT. B, 1 c?* 

Demarls. Tlie specimen is imperFect, the la<l two segnn'iits of the alxiomen, 
and the telson having heen hroken off. Identification is, theretbre, a matter 
of some uncertainty. The raptorial claw (PI. 28. tig. t»), however, has the 
cliaracteristic form of L. niidtifaseiuta as dc'^orihed hy Kemp, The dactylus 
Ixiars five teeth, including the terminal one, of which the }>enultiraate is 
sliort. Th(i two lolies at flie base of its external margin are very unequal, 
fhe proxim d quite small, the dislal very much expanded. The colour of the 
[»res<Mit specimen in alcohol is distinctive. The carapace show< three hands 
of dark colour, two anterior paler ones, alniosf fnseil, and a ]>osterior one, well 
marked. Tiie last three thoracic segments eacli has a single dark band, 
occupying the posterior half of the segment. The first four alxlominal 
segments possess a single very dark transverse line in the centre third of theii 
posterior border. Above this line and separated from if by a ])ale line is 
a rather indistinct broad dark hand which do(*s not quite reach ihe lateral 
margins. From the postcro-lateral corners of tliis [)ale transver.se hand, on 
each .side, tli(»re is a nuieh darker hand runnitig to the lateral margins. 
These latter hands have the appearance of heiiig the lafenil portions of an 
interni[>ted hand, the centre part of wdiich is missing. Thcic is ;» distinct 
liroak in contour where these very dark hands meet ihe centre paler haml, 
suggesting that (he latter represents an anttu’ior and s<*p{iniie l)and of colour. 

Previously recorded from the Red Sea by Xohili (1900). 


Genus Gonodactylus, Latreille. 

fJoNoDACTYLL’s OHiUAGiiA [Fobricius). See Kemp, 1913, p. 155. 

fjoralities. Station V., I ? , 00 mm. Station VI., 1 S • TO min. 

Remarks. Both these s[) 0 cimens are of the variety reprcMUited hy stntfhii, 
except ihai the nuulian earina of the telson of the male d(‘(‘S not end in a 
spine hut is obtusely rounded. 

A wddely distributed Indo-Pacific species recorded from the Red Sea bv 
Miens, Kossmann, and Nohili. 

(Gonodactylus dkmani, Henderson, 1893. See Kemj), 1913, ji. 104, 
pi. 9. figs. 108-111. 

Localities. Station VI., 1 ? , 22 inm. Station VII. G, 1 ? , 14 mm., 2 cj , 
14 and 19 mm, Station VIII. 2 ? , 27 and 30 mm. 
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Remarks. All these specimens agree with Henderson^s figure of the type- 
specimen (1893) in being without setfc on the inner margin of the inner 
uropod (except for three or four at the extreme proximal part). 

In the arrangement and number of tubercles on tlie tolson, they agree 
generally with that shown in Kemp’s figure 109, that is, the tubercles are 
large and few, but they show evidence that the tubercles increase in number 
with age and, likewise, become more obtuse, as the following description of 
the iuberculation of each specimen will show. 

, 14 mm. 

Two median tubercles, one behind the other, on the median carina, one on 
each subiiiedian carina, one on tin? carimn of the subinedian teeth, and one 
on the carime of the intermediate teotli. All the tiihercles very acutely 
pointed and spiniform. Canine of the sixtli abdominal segment likewise 
ending in sharply pointed spines. 

? , 14 mm. 

As above, excejd that there are two tubercles on ih(‘. carinse of the inter¬ 
mediate teetli. 

(J, 19 mm. 

Three spinous tubercles, forming a well-marked Iridcnt al the distal end 
of the median carina, two tubercles on each submedian carina, two at the 
base of the suimicdian teeth, and three on the carina^ of the intermeiliate 
teeth. All the tubercles acutely spinous, as are also the carina* of the sixth 
abdominal segment. 

$ , 2::^ mm. 

Three spinous tubercles, forming a trident, at the distal cm! of tlie median 
carina ; anterior to tliom a smaller median spinous tubercle flanked by a very 
small obtuse tubercle on each side ; two tubercles on each submedian carina, 
tliree at the base of the submedian teeth, and three on the eiirimeof the inter¬ 
mediate teeth. All the tubercles ami the carime on the sixth abdominal 
segment, acute but not so sharply pointed as in the smaller specimens. 

9 , 27 mm. 

Almost exactly tlie tubereulation of the last specimen but all the tubercles 
obtusely rounded. This specimen agrees very elosedy with Kemp’s figure 
109. 

? , 30 mm. 

Like the last, but only two tubercles at the base* of each submedian tooth. 
All the tubercles obtuse. 

These six s])ecimens, therefore, form a compact group agreeing in the 
unarmed inner margin of the inner uropods and having a tubereulation of 
the telson following a general plan though varying with age. I regard 
them as referable to the typical form of the species, though Henderson 
(1893) figures the^spinules on the telson of the type as distinctly smaller and 
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more acute than they are on the specimen of corresponding size in the 
present collection. 

Previously recorded from the Red Sea by Nohili (1906). 

Qonodactvlus demant, Henderson^ 1893, var. spinosits, Bigdowy 1893. 
See Kemp, 1913,*p. 165, pi. 9. fig. 112. 

Localities. Station V. D, 1 c?, 15 nim. Station XL, 2 ? , 22 and 32 mm. 

Jtemarks. The two specimens from Agig have the entire surface covered 
with small spinules, densely packed. The small specimen from Khor 
Dongonab has the telson very much of tlie form shown in Lenz (1905» 
fig. 12), except that there is only one row of spinules on the submedian 
teeth. In all three specimens the intermediate and lateral teeth of the telson 
appear to me to be as well developed as in the typical form of the speci(‘s. 
AH three agree in having the inner uropod armed with setaj all round. It 
is this last character which has led me to refer these specimens to the 
variety spinosiis of (L demam, Bigelow 0394), when ilescribing this form 
originally, made no mention of tlie form of the inner uropod, but Lenz, in the 
figure already quoted, shows the inner uropod invested with seta? on the entire 
margin. When Kemp wrote the main part of tlie text of his valuable inono- 
grajih, all the specimens, with one exception, of ti. demam and its varieties to 
wdiich he had access had the inner uropod setose all round, and it was only 
later (Addendum, p. 198) after he had examined a number of specimens from 
the Gulf of Manaar, which all agreed in having the inner margin of the inner 
uropod unarmed, that he became aware of this character. In Henderson’s 
figure of the type specimen the inner margin of the inner uropod is figured 
as unarmed, and it seems to me to be just possible that the var. spinosas may 
be constantly differentiated from the typical form by this character. If this 
is so, then G. spinoms^ Lenz has been correctly determined and is not a 
synonym of G. demani^ Henderson, as given by Kemp. As I liave already 
remarked, the tubercles on the telson of the typical form appear to be fewer, 
larger, and more obtuse than in the variety, and it may subsequently bo 
discovered that this type of tuberculation goes with the unarmed character 
of the inner uropod, to emphasise the distinction between the type and its 
variety. Kemp does not give the character of the inn»T uropod of the 
specimen from which his figure 109 was taken. This figure, as 1 have 
pointed out, gives the general arrangement of the tubercles on the telson of 
those specimens which I have referred to the type form, all of which agree 
in having uiiarmod inner margins to the inner uropods. In support ol’ the 
generally accepted opinion that G. demani and G. spmosits are varieties of 
one species, I may observe that the coptilatory orgtms on the first pleopoil 
of the male specimen from Khor Dongonab* referred here to the variety 
LINN, JOURN,—ZOOLOGY, VOL. XXXIV. 28 
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spinosus agree in detail with those from one of the males from Suakin 
Harbour referred to the typical form. 

This variety has been previously recorded from the Red Sea by Nobili 
(1906). 

Gonodactylus glabbr, Brooks, em. Henderson, non Kemp, 1913, p. 182. 

Localities. Station I. D, 1 ?, 47 mm. 

Station V. E, 20 c?, 24-54 mm., 16 % , 24-58 mm. 

Station VII. B, 1 ? , 68 mm. Station XI., 1 ? , 35 mm. 

Station V. B, 1 (J, 16 mm. Station V. 0, 2 ?, 9 and 11 mm. 

Station V. D, 1 ? , 30 mm. No locality, 1 ? , 60 mm. 

Bemarks, This species is by far the commonest Stoinatopod found in the 
Bed Sea. All the specimens, except one listed above, may be referred to the 
var. ternatensis, De Man, and bear traces of the green colour characteristic 
of the majority of specimens of this species. The one exception, already 
noted, appears to be referable to the var. rotundvs of Borradaile. The keels 
on the tehon are broad and swollen so as to touch one another, but there are 
traces of spines on the three middle keels. This specimen shows no traces 
of the two black spots on the telson wdiich form so constant a feature of this 
species, and its colour, as i)reserved, suggests a nioltled or marbled light 
brown colour in life. 

This species has been recorded from the Red Sea previously by Nobili and 
Balss. 

Gonodactylus BREvisgrAMATUS, Paulson, 1875. (PI. 27. figs. 5-6.) 

Q, brevisquamatuSf Nobili, 1906 a. 

Q. fitnhriatuSf Leuz, 1905. 

O.Jimbriatm. Borradaile, 1907. 

O.Jimbriatus, Lenz, 1910. 

6r. hrtvuquamutus and G,Jimbriatu$, Kemp, 1913. 

Locality. Station IX. A, 5 cJ, 4 ? , 13-28 mm. 

Remarks. From Kemp’s monograph I learnt that Mr. Patience had found 
a specimen of tliis species in a collection of Stoniatopods from Mergui and, 
as a result of his researches, had come to the conclusion that 6r. hrevi^ 
squamatus, Paulson and G. Jimbriatus, Leiiz are synonymous. On my 
writing to him, he very kindly allowed me to sfee the manuscript of his paper 
and, after comparing my specimens with his description, I can unhesi¬ 
tatingly support his view. There seems to me to be no doubt whatever 
that the two species are one and the same. 

In the largest of my specimens the antennal scale reaches forward to the 
extremity of the eye, and is •therefore relatively longer than shown in 
Paulson's figure, but in the smaller specimens the scale approaches much 
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more nearly to the proportions shown by Paulson, and tlie size of the scale 
evidently increases with age. 

On the sixth abdominal segment (PI. 27. fig. 6) the meiHaii carinse are 
invariably wider than the intermediates. In the male the median carince 
are parallel, but in the female they are slightly divergent. All (he carinse on 
this segment are smooth and do not terminate in spines, tliough the lateral 
carinse terminate more acutely than shown in Paulson’s figure 3 r. 

The telson (PI. 27. fig. 6) bears in the middle of the <lorsal surface an 
oval smooth elevation terminating distally in 3 'oung specimens in an obtuse 
slightly transverse tubercle. This tubercle becomes obsolete or almost so 
with growth ; it is hardly discernible in the largest specimens. On each side 
of the median elevation there is a prominent snbinedian carina in close 
contact with the median one throughout its length. Lateral to the sub¬ 
median again there is on each side a much fainter carina, distinct in its 
posterior half but merging into the submedian carina anteriorly. It presents 
the appearance of a half carina only. Lenz in his figure of the telson of 
G. fimbriatus figures two faint carinse lateral to the submedians, but none of 
the present specimens show traces of more than one. The carinse of the 
intermediate spines are well marked and snioolh, while the lateral margin of 
the telson is thickened to form a ridge. There are two tubercles near the 
anterior margin of the telson, one on each side of the median elevation and 
homologous with those found in G. ddrayra. 

There are no lateral spines on the telson. The intermediate spines are 
about half as long as the submedians. The inner margins of the latter bear 
a row of from nine to twelve slender spinulcs. There is in most of the 
specimens a single similar spinule on the outer margin of the submedian 
spines and one on the inner margin of the intermediates. In one specimen 
I found traces of more spinules on the outer margin of the subinedians, on 
one side of the specimen only. 

The inner spine of the ventral prolongation of the uropods is longer than 
figured by Paulson, being at least half the length of the outer. The latter 
has the very distinct shape shown in Paulson’s figure, with the distal 
extremity rather strongly incurved. 

The uroi>ods (I'l. 27. fig. 6) are very distinctive. The peduncular sogiiKuit 
bears a strong spine dorsally on the distal margin. The basal segment of the 
exopod projects far beyond the articulation of the ultimate segment, and 
bears on its outer margin, at the distal end, three (in one case two) stout 
strongly falciform spines, outwardly recurved, and proximaPy to those, from 
three to five short straight spines. On the dorsal surface of the basal 
segment of the uropods, near to the articulation of the distal segment, there 
is a pad of rather long densely plumose seta3. The dorsal surface of the 
distal segment of the exopod is beset all over with short plumose setae and 

28 * 
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the margins all round with longer plumose setoe. The ventral surface is 
smooth. 

The dorsal surface of the endopod is smooth but the ventral surface is 
clothed with short plumose seta?, with a bunch of longer setm on the proximal 
part, while the margins are armed all round. 

The present specimens show the closest resemblance to Paulson's figures, 
and the main differences are in minor points which may quite reasonably 
have been overlooked l)y Paulson in his specimens. These differences are 
(1) the presence of si)lnules on the margins of the teeth of the telson, (2) the 
presence of a faint carina lateral to the subinedian carinae of the telson, 
(3) the presence of two tubercles near the anterior margin of the telson, one 
on each side of the median elevation, and (4) the special and peculiar 
armature of seto on the uropods. 

With the exception of the last character, which is likewise not noted bv 
Lenz, these differences bring G, hremaquamatus info closer agreement with 
G, fimhriatus, Lenz. The most serious differences between my specimens 
and G. fimimatvs are :— 

(1) The form and size of the carinse of the sixth abdominal segment. 
Lenz figures the siibmedians and intermediates as more or less equal 
in size, whereas in my specimens the submodians are distinctly w’hler 
than the intermediates. 

(2) The presence of two carinjc on each side of the sabmedian carina* of 
the telson. 

Minor differences may also be noted in the different shape of the outer 
spine of the ventral jirolongation of the uropocl, in the larger size of the 
intermediate teeth of the telson, and in the absence of the/short straight 
spines proximal to the strong recurved spines on the outer margin of the 
exopod of the uropods. 

I do not think that any great weight is to be attached to these differences. 
Some are no doubt due to age or to individual variation. Borradaile, it is 
true, identifies specimens from the Seychelles with G. fimhriatns without 
comment, but the examination of these specimens from the Red Sea, 
undoubtedly G. hrensquamatus^ PaiJson, has served to lessen the gap 
between this species and G. fimhriatuSy and I feel no doubt as to the correct¬ 
ness of Mr. l^atience’s conclusion that they are synonymous. 

G. hrevisquamatus has been recorded from the Red Sea by Paulson and 
Nobili, and as G. Jimhrialus from Zanzibar (Lenz) and the Seychelles 
(Borradaile). 

Gonodactydus pulchellus, Mers, 1880. See Kemp, 1913, p. 177, 
pi. 10. figs. 117, 118. 

Locality. Station VIII, B, 1 , 39 mm. 

Remarks. I have’adopted Kemp's opinion in considering this form worthy 
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to rank as a species distinct from G. spinosm. Even after ten years pre¬ 
servation in spirit the dark spots on the sixth, seventh, and eiglith thoracic 
segments, and on the first, fourth, and fifth abdominal segments are distinctly 
visible, very distinct on the sixth thoracic and first abdominal segments, 
paler on the seventh thoracic segment, and very faint on the other segments. 

JHstributioH, Not actnally recorded from the Ited Sea previously though 
noted from Aden by Nobili; for other records, see Kemp, 1913. 

DECAPOBA. 

vSuborder NATANTIA. 

Tribe FENiEISES. 

Family PENJillDAl. 

Subfamily Penajinas, AlrocL 
Genus Pkn^OPSIS, ..1. Milne-Edwards. 

Pen.eopsis STEBBINUI {NoUU, 190-1). (PI. 27. figs 7-10; PI. 28. fig. 13.) 

Metapenoius ntehUngi^ Nobili, 1904, p. 229. 

M „ „ 1906 <7, p* 15, pi. 1. fig. 2. 

„ „ Alcock, 1JK)6, p. oOe 

„ De Man, 1911 a, pp. 9 & 64. 

Localities. Station 1. E, 14 ? and 15 cf, 70-90 nun. tSlation VIII. A, 
2 ^, 50 mm. and 55 mm. Station X., 1 ? , GO mm. Station I. B, 1 juv., 
27 mm. From Kay'js stomach, several juv. 

Remarks. Nobili makes no mention of the fact that this sj)ecies i.s without 
exo])odiies on the lust pair of thoracic legs. It, tlierefore, clearly ]>eloDgs to 
the moiioceros group of species characterized the absence of exopodiies on 
the last pair of thoracic legs, and I)y the fact that the merus of the last pair 
of thoracic legs in the male is notched at its proximal end. It differs from 
most of the members of this group by having 6-8 small movable spinules on 
the telson. 

I have very little to add to Nobili’s description, but his figures .nre perhaps 
a little too diagrammatic. I have refigured the carapace, thelycum, and 
petasimiy and added a figure of the notch on the merus of the last thoracic 
legs of the male. There is u distiuot trace of an extra-orbital spine, and tlie 
lower anterior corner of the carapace is rounded and not acute us in Nobili^s 
figure. 

P. stebhingi is a very distinctive species as far as the thelycurn ami potasma 
are concerned, and adult specimens are readily recognizable on these 
characters. 
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The last two records given above must be considered as doubtful. The 
young inale^ 27 inm. long, from Suez, differs from adult specimens in having 
a shorter rostrum, which only reaches to the level of the anterior end of the 
eyes, and in the want of a notch on the merus of the last thoracic legs. 
The latter are without exopod. The petasma is symmetrical, but the two 
portions are still free from one another. In its other characters it seems to 
agree with P. stehUngu The specimens from the stomach of a Ray are all 
young and not in good preservation, but appear to belong to this species as 
nearly as it is possible to decide. 

P. stebhinffi has not been met with outside the Red Sea, from which Nobili 
records specimens taken at Suez. It would appear to be an abundant species 
in the neighbourhood of the latter town. 

Pen^.opsis STRIDULANS ( Wood^Mason). 

See Alcock, 1906, p. 27, p2. 5. figs. 14, Ua-d\ and De Man, 1911a, p. 65, pi. 7. 
figs. 20a-6. 

Locality. Station YIII. A, 2 $ , 50 and 55 mm. 

Remarks. According to De Man, P. stndulans shows a considerable 
amount of variation in the form of the tholycum, the ciirinaEi on the third 
abdominal segment, and in the form of the stridulating organ, among other 
characters. These two specimens agree with Ihe account given by Alcock 
and would apjiear to be typical specimens of the species. 

Not previously recorded from the Red Sea, though it is quite possible 
that Paulson’s record of P. velntinus may refer to this species or the next. 

PENiEOPSJS VAILLANTI {Robili). (PI. 27. fig. 12.) 

MttapmuBus vaiHafUt, Nobili, 1904, p. 229. 

„ „ „ IQOGa, p. 18, pi. 1. fig. 4. 

„ „ Alcock, 1900, p. 50. ^ 

„ „ De Man, 1911 a, «pp. 9 and 54. 

Locality. Station VIII, A, 1 <^"9 52 mm., and 2 $ , 49 and 55 mm. 

Remarks. This species belongs to the velutinus group, characterized by the 
tomentiiin of the body, the possession of exopods on all the thoracic legs, 
the absence of a notch on the last pair of legs in the male, the presence of 
long stout movable spines on the telson, and the asymmetrical form of the 
petasma. 

As in most species it is mainly distinguished by tlie form of the thelycum 
and petasma and, as Nobili’s figure of the former is somewhat too diagram¬ 
matic, I reproduce one here (PI. 27. fig. 12 ). 

Recorded from Suez and other places in the Bed Sea by Nobili, but not 
known as yet from waters outside that area« 
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Grenns Tbachypenjeus, AlcocL 

Tbachypenacus anohobalis {Spence Bade, 1888, p. 258, pi. 35. fig. 1). 

T. anchoralu, l)e Man, 1911 a, p. 8d, pi. 8. fig. 28. 

Atetapenaui eurvirontru, Nobili, 1906 a, p. 20. 

Locality. Station VIII. A, 1 (J, 48 mm., and 1 ? , 67 mm. 

liemarks. Trachypenmus curviroetris of Stiinpson is the type species of 
the genus, and T. anchoralit (Spence Bate) was regarded by Alcock as a 
synonym. The researches of Kishinouye and De Man have demonstrated 
that the two ibruhs are distinct and may be recognized by the I'orin of the 
petasma and thelycum. My specimens are in substantial agreement with 
the descriptions and figures of Spence Bate and De Man, of specimens which 
both authors attribute to T. anchoralit. 

I think there can be little doubt that the specimens recorded as Meiapeno'ut 
curvirostriH by Nobili are to be referred to T. anchoralit. 

Previously recorded from the Ked Sea at Massaouah by Nobili, 1906. 


Genus Penacds, Fahricius. 

Peeacus SEMISULCATUS, De Ilaan, 1849, p. 191, pi. 46. fig. 1. 

See De Man, 1911 a, p. 97, pi. 9. figs. 31 a-b. 

Locality. Station V. F, 1 ?, 160 mm. 

Rem trks. Tliis specimen agrees exactly with De Man’s redefinition of this 
species, and 1 am in agreement with his suggestion that the F. monodua of 
Alcock is synonymous with this form. Nobili has recorded this .species from 
the Hed Sea under the name F. ashiaka, Kishinouye, which De Man regards 
as 8 ynon 3 'mous with/*. se^nisidcatm,D% Haan. Other records from the Bed 
Sea include those of Paulson (1875) and De Man (1880). Colosi (1918), 
however, says that Paulson’s records refer to P. carinatus, Dana. 

PbnjEUs JAroNicus, Spence Bate, 1888, p. 245, pi. 31, pi. 32. fig. 4, and 
pi. 37. fig. 2. 

See De Men, 1011 a, p. 107. 

Localitiee. Station I. E, 6 160-185 mm. Station VIII. A, 2 (J, 62 

and 72«mm., 1 2,66 mm. 

Previously recorded from the lied Sea by Nobili. 
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Subfamily Sioyoninas, Ortmann. 
Q«nu8 Eusictonia, Stflbing, 1914 b. 

EiTsioroNiA OARiNATA (OUvur, 1811, p. 667). 

Sioyonia sadpta, II. Milne* Edwards, 1880, p. 339, pi. 0. figs. 1~8. 
„ „ Spence Batej 1888, p. 294, pt 43. fig. 1. 

Lomlky. Station II., 1 9,46 mm. 

Not previously recorded from tbe Bed Sea. 


Tribe CAltIDES. 

Super-family PalCBlllOXIOlda. 

Family ALPHEIDiE. 

Genus Athakas, I^ach. 

Athanas djiboutensis, Cmtiire, 1897 b, p. 233. (PI. 28. fig. 25.) 

A. djiboutenvu, Couti&re, 1906, p. 866, fig. 129. 

Localtties. Station V. C, 1 ovig. ?, 8 mm., 3 S > 8-9 mm. Station VII. D, 
1 ovig. $, 8 mm. Station VII. B, 1 ovig. ?, 7 mm., 2 (J, 5-7 mm, 
Station IX. A, 1 cf, 7 mm. 

Remark*. Of the nine specimens which I refer to this species, three are egg- 
l)oaring females and six are males. They were collected between the end of 
January and the end of April, which {iresumably covers the breeding season 
of the species in the Bed Sea. With the exception of the form of the first 
pair of legs, there is very little to add to (Jouticre’s description. The rostrum 
shows some variation in length, but in all the specimens it is longer than the 
first two segments of the autennular peduncle and never exceeds the whole 
length of the latter. The supra-, extra- and infra-ocular spines agree very 
closely in form and relative proportions witii ClontBre’s figures, and the 
stylocerite in all the specimens reaches as far forward as the distal end of 
the second joint of the antennular peduncle. One of the female specimens 
still retains one of the first pair of legs (the left), and this appendage is in 
close agreement with Coutiere’s figure 129/. Among the male specimens, 
imperfect as they are, I have noted some interesting [loints in the form of 
the first pair of legs. I should explain that I have relied for the deter¬ 
mination of the sex of the specimens on the presence of an appendix 
masculina on the second pleopods, which is well developed on all the male 
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specimens. The form o£ the first pair of legs in these specimens, as far as 
they are present, may be noted as follows :— 

(1) Two specimens have both the first pair of legs missing. 

(2) One specimen, 8 mm., lacks the left leg of the first pair. The 
right one is a regenerated limb, very like the smaller chela of the 
female as figured by Ooutiere (fig. 129/), but with the carpus 
relatively much shorter. 

(3) One specimen, 5 mm., lacks the right leg of the first pair. The 
left one is exactly of the same form as the smaller chela of the 
female, and is in this specimen not a regenerated limb. 

(4) One specimen, 9 mm., has both legs of the first pair [>resent and 
they agree in all particulars with Couticre^s descriptions and figures 
(fig. 129 c and d). 

(5) One specimen, 9 mm., lacks the left leg of the first pair. The right 
one is of tlie same form, size, and proportions as shown by (^outicre 
for the larger chela of the male (fig. 129 c), but the immovable 
finger bears a broad high tubercle in the centre of its inner margin, 
and the movable finger has a prominent smaller tubercle on its 
inner margin proximal to the tubercle on the fixed finger (PI. 28. 
fig. 25). 

Kemp (1915, pp. 289-299) has recently described and discussed at length 
a most remarkable and interesting case of “trimorphism’’ among the males 
of a new species of Atlianas^ A. polymorplms^ Kemp, discovered by him in 
the (/hilka Lake, India. He found throe forms of males as follows :— 

Form I. Small in size. First pair of legs asymmetric, one enlarged, 
without tooth on fixed finger, the other slender and of the 
size and proportions of those of the female. 

Form 11. Large in size. First pair of legs symmetrical, no tooth on 
fixed finger. 

Form III. Of same size as Form II. First pair of legs asymmetric. 

One of them with a prominent rounded tooth on the fixed 
finger, the other without such tooth. 

In all three forms the appendix masculina on the second pleopods was well 
developed, but form I. was met with in the non-breeding season only, and 
forms II. and HI. in the breeding-season only. 

After discussing the phenomenon in all its aspects, Kemp inclines to the 
opinion that forms II. and III. are true dimorphic forms developed simul¬ 
taneously at the breeding-season froni the non-breeding form I. 

Regarded in the light of Keinp*s observations the males of A. djiboutemis 
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noted above appear to show a close parallel to the case of A, polymorphus* 
The small male (No. 3) probably corresponds to Kemp’s form I., and the 
males 4 and 5 to forms II. and III. The want of the full complement of 
limbs precludes an absolute comparison. 

But the small male, form L, was taken in the company of an ovigerous 
female and therefore in the breeding-season. It is possible that the capture 
was made at the very beginning of the breeding-season before this male had 
moulted into its full adult stage. But another explanation of the facts 
suggests itself. Kemp (lotes that in all the forms the appendix masculina on 
the second pleopods'was well developed, and the same observation applies in 
the present case. I suggest therefore that form I. is a breeding i)base and 
that Athmas becomes sexually mature before it is fully grown. This.would 
explain the full development of the appendix masculina and receive support 
from the capture of a form 1. male in the breeding-season. We may turn 
to the Amphipoda for the necessary analogy. 

Walker, in a paper “Notes on Jassa falcata (Mont.)’’ (Proc. Trans. 
L’pool. Biol. Soc., vol. xxv. pp. 67-72, 1911) calls attention to an interesting 
series of facts. In a single gathering of Crustacea made from a buoy 
moored in the harbour of Port Erin, he found an enormous number of 
specimens of the Amphipod Jassa falcata which could be divided up into 
groups. The circumstances of their capture and the area of their occurrence 
afford the strongest evidence that ail the specimens belong to one species. 
Walker found two groups of ova-bearing, t. e. sexually mature, females 
differing not only in size but in the form of the gnuthopods^ In otlier 
words, here is evidence that Crustacea may be sexually mature though not 
structurally fully grown. A similar phenomenon is not so easily demon¬ 
strable for males excej)t by sections, but, given its occurrence in females, 
there seems to me to be no inherent diflSculty in accepting its occurrence in 
males. Walker also found three forms of males which he interprets as a 
penultimate form and two forms of the fully-grown male, into one or other 
of which the penultimate form moults. 

We have in this case, I think, an interesting parallel to what Kemp has 
observed in Athanas polymorphism and to what probably occurs in Athanas 
djihotdensis so far us the imperfect specimens at my disposal can be 
interpreted. 

Walker’s evidence, coupled with the occurrence of a form I. male of 
A. djiboutsnsis in the breeding^eason and the well-developed appendix 
masculina present on all three forms of male, has lad me to suggest that 
Kemp’s observations may be explained on the following grounds :—that all 
three forms of male are breeding fprms, that form 1. is sexually mature but 
not structurally fully grown and eventpaily moults into either form IL or 
III.; which are truly dimorphic forms of the fully-grown male. From the 
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nature of the material at my disposal this can be no more than a mere 
suggestion. The specimens are too few and too fragmentary for a definite 
statement, but perhaps Mr. Kemp InmselC at some future time may be able 
to clear the matter up by personal observation on living material. 

IHstrihution, Djibouti and Minikoi (Couticre) and Funafuti (Borradaile). 
Also recorded from an unnamed locality in the Ked Sea by Nobili. 

Athanas dimouphus, Ortmann, 1894, p. 12, Taf. I. fig. 1. 

(FI. 28. figs. 23-24.) 

Locality, Station I. B, 1 cf, 15 mm., and 1 ?, 14 min. 

Remarks, The female has lost both legs of the first pair so that it is not pos¬ 
sible to be quite sure of its identity. It agrees, however, very closely with the 
male caught with it, and I have no doubt belongs to the same species. This 
male specimen 1 identify with Athanas dimorplutSy Ortmann, in spite of some 
differences, mainly in the form of the first pair of legs. These appendages 
are both fortunately present in the specimen. They are not equal in size, 
the right being slightly the larger of the two, and the degree of difference 
between the right and left being of much the same extent as exists in 
A. djihoutensis. The movable finger of the right leg bears a prominent 
tubercle on its inner margin near the base, while the fixed finger has a larger 
and broader tubercle on its inside margin (FI. 28. fig. 23). The condition 
of the right chela in this specimen is, in fact, very much as T have noted in 
A. djihoutensis. The smaller loft chela is shown in PI. 28. fig. 24. The 
fixed finger here bears a smaller and more obscure tubercle in the same 
position as the prominent one on the right chela. This mule specimen there¬ 
fore corresponds to Kemp’s male form III., and as such is evidence that 
A, dimorphvs likewise has truly dimorphic forms of the fully-grown male, 
corresponding with what I have described in A. djihoutensis above. It is 
somewdiat extraordinary that Couticre, who has ap{)arentJy seen numerous 
specimens of this species from various localities in the lied Sea, did not come 
across this second form of the male, for I can find no reference to the 
tubercles on the inner margin of the chela in any of his descriptions. 

IHstrihuiion, lied Sea at Suez, Perim, and Djibouti (Coutiere). Dar-es- 
Salaam, E. Africa (Ortmann). 

There are two further specimens of Athanas in the collection which may 
be provisionally referred to this species with considerable doubt. Both are 
females, taken on the Suez Mud Fiats, and neither of them possesses any of 
the walking-legs. They differ from A, dimorphus in the form of the extra- 
and infra-corneal spines of the carapace. 

The extra-corneal spine is shorter than the infra-corneal spines and does 
not reach more than half-way across the corneal face of the eye. Both spines 
are moreover broader and less acute than the same spines in A, dimorphus. 
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Beyond this difference there is no other substantial disagreement with the 
characters of the latter species which can be noted in the absence of the 
walking-legs. 

Athanas parvus, De Man, 1910, p. 515, 

See De Man, 1911 b, p. 148, pi. 1. %. 4. 

Locality. Station V. B, 2 9,7 mm,, carrying eggs. 

Locality uncertain. 1 d, 8 mm., labelled as part of the fauna of two dead 
valves of M. margaritifera which were covered by sponges and su[)ported a 
regular microcosmos of life; 1 ovig. 9,7 mm., labelled (Jrusfc fr. 44. 

Remarks. It is with some reserve that T refer these specimens to Do Man’s 
species. They agree, as far as they go, with his description, except that the 
rostrum somewhat exceeds and the styloeerite does not quite extend to the 
distal margin of the second joint of the antennular peduncle. In the form 
of the extra- and infra-corneal apines, the })roportion3 of the first pair of 
legs in the female, and the bi-unguiculiite character of the dactylus of the 
three posterior pairs of legs, they agree well with De Man’s observations. 
The male specimen unfortunately is devoid of all the walking-legs. 

JHstribution. S. coast of Timor (De Man). 

New to the fauna of the lied Sea. 

Athanas crosslanoi, n, sp. (PI. 27. figs. 13-17.) 

Locality. Station V. C, 2 ovig. 9 ♦ 6 and 7 mm. 

Description. The rostrum reaches forward to the middle of the third joint 
of the antennular peduncle. There is no supra-orbital spine. The oxtra- 
corneal spine (PI. 27. fig. 13) is remarkable for its great length, being 
almost half as long as the rostrum and extending for half its length beyond 
the eye. The infra-corneal spine is quite short. The antennular peduncle 
(PI* 27. fig. 14} is somewhat short and robust with the last tw'o joints 
subequal in length. The styloeerite reaches to the middle of the second 
joint. The antennal scale (PI. 27. fig. 15) is equal in length to the 
antennular peduncle and is twice as long as broad, with the terminal 
spine of the outer margin well developed but not projecting beyond the 
scale itself. The carpocerite reaches the distal end of the second joint of 
the antennular peduncle. 

Legs of the first pair in the female (PL 27. fig. 16) equal and feeble, and 
of the form characteristic of the nilescens group. The merus is one and a half 
times as long as the carpus and one quarter shorter than the whole chela. 
The proportions of the limb are, taking the fingers us 1: merus 2^ carpus 1*3, 
palm 1*6, fingers 1. 

The second pair of limbs are long and slender. The proportions of 
the joints of the carpus are 4: 1*45: 1*27 : 1: 1*72. Tlie whole chela 
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is about as long as the first joint of the carpus, and the fingers are about equal 
in length to the palm. 

The third pair of legs (PI. 27^ fig. 17) are slender, with the joints in the 
following proportions, taking the finger as 1: merus 2, carpus 1*5, pro- 
podus 2’5, finger 1. 

The dactylus is simple, and there are spines on the inner distal margin of 
the propodus. 

Among described species of the genus, A, cvosslamli agrees with 
A. dimorplms^ A, iniaikoensis, A, haswelli, ul. onentalis^ and A, polp morph ns ^ 
to the exclusion of all the other species, by the combination of the two 
characters, the absence of a supra-orbital spine on the carapace and tlie 
simple character of the fingers of the last three pairs of logs. But the five 
species mentioned all belong to ihedimorp?ius group, and though there are no 
male specimens oE A. crosslandi available, the form of the first pair of legs of 
the female point to its aflinities with the nitesrens group, in which its nearest 
relative is A, yiai/aroensis, Cout. It is, however, distinguished from the 
latter species by the absence of a supra-orbital spine, and the great length 
of the extra-corneal spine will serve to distinguish it from most of the 
species of this group. 


Genus Synalvheus, Sp. Jiute, 1888. 

Neomerifi group. 

SVNALPHEUS GllAVIElU, Coutihr, 1905, p. 870, pi. 70. fig. 2. 

4»'. ffranen\ l>e Man, 1911 6, p. 210, pi. 0. fig. 25. 

Loralitp, Station III., 2 $ , 10 and 12 mm. 

Jtemarks. The smaller of these specimens has only one spine and the 
larger two spines, on the merus of the third pair of legs. Otherwise the 
specimens are in close agreement with CouticreV description. 

JHstribniion. The only previous record for the Red Sea is that of Couticre 
(1905) from Djibouti. Otherwise known from the Maldives (Couticre, 1905), 
Ceylon (Pearson, 1905 & 1911), Dutch East Indies (De Man, 1911), ("hinese 
and Japanese waters (Ortinann & Couticre). 

Synaliuieus streptodactylus, Coulicre^ 1905, p. 870, pi. 70. (ig. 1. 

S* streptodactj^luSf De Man, 1911 b, p. 226, pi. 7. fig. 29. 

Localities. Station IV., 1 (J, 11 mm., 1 ? with eggs, 14 mm. 

Uncertain. 1 <y, 10 mm., 1 ovig. ? , 14 mm., labelled Crust, fr. 44. 

Distribution, Not previously recorded from the Red Sea. Otherwise 
known from the Maldives (Couticre, 1905), (Jeylon (Pearson, 1911), Dutch 
East Indies (De Man, 1910), Atjeh and Ternate (De Man). 
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Synalphbus TRiuNOUioiTLATUs {Pauhon\ 1875, p. 103, pi. 14, figs. 1-1^. 

iS'. ^nu7i^fWai(t(«, Nobili, 1906 a, p* 81. 

8, triungicuulatWf Nobili, 1906 l», p. 25. 

Localities. Station V.C, 2 ?, one with eggs, 10 and 12 mni. Station V.D, 
one juv., 6 mra. Station VII. 0, 1 cJ, 14 inm., 1 ? , with eggs, 15 mm. 

Re^narks. These specimens agree very closely with Paulson’s figures and 
seem clearly referable to his species. 

jyistnhution. This species has been recorded from various localities in the 
Red Sea by Paulson, Coutiere, and Nobili. So far as I am aware it has not 
been taken in any other area of the Indo-Pacific Ocean, with the escef>tion 
of the Persian Gulf (Nobili, 1906 6). 

Synalpheus fossor (Paulson\ 1875, p. 103, pi. 13. fig. 5. 

8. foasor, Ooutidre, 1903, p. 872, pi. 70. fig. 6. 

See also De Mau, 1911 a, p. 260, pi. 9. fig. 39. 

Localities. Station VIII. (’, 3 ? , 7-11 mm. Station XL, fourteen speci¬ 
mens, 4-10 mm, (in green sponge). 

Remarks. These specimens seem to combine the characters of the type- 
form and the var. propinqua^ De Man. They agree with the former in 
having the carpocerite six times as long as broad, and with the latter in 
having nine spinules on the propodus of tli© third pair of legs, and in the 
proportions of the merus of these limbs. The strongly spinous corners of the 
apex of the telson are always well marked, but they may be longer or shorter 
than the first of the spines on the apex. This character does not seem to 
vary with age. Otherwise these specimens are in the closest agreement with 
Paulson’s figures. 

Distrihution. Recorded previously from the Red Sea by Paulson ; Maidive 
Archipelago (Coutiere); the var. propinqua is known from various parts of 
the Dutch East Indies and adjacent waters. 

Synalpheus hkroni, Coutiire^ 1909, p. 42, fig. 24. 

8. heroni, Do Man, 1911 b, p. 250, pi. 9. fig. 41. 

Locality. Station IX. A, 4 ? (one ovig,), 7-10 mm. 

Distribution. Red Sea at Djibouti (Coutiere); Dutch East Judies 
(De Man). 


Faolsoai group. 

Synalfhxus HaLULBSBis, Coutiere, 1908, p. 12. 

8. tumufomoniM; Coutiiire, 1906, p. 876, pi. 63. fig. 14. 

8. htUulmm's, Coutiere, 1909, p. 24, fig. 4. 

Locality. Station IX. A, 1 , 8 mm., 1 orig. ?, 9 mm., 1 juv., 6 min. 

Remarks. Both the carpocerite and the merns of tiie third legs are Tour 



MACRUROUS DBCAPODA OF THE SUDANESE RED SEA. 


375 


times os long as wide. The telson is not spinous at the lateral corners of 
the apex. The species seems to me to l>e very closely allied to S. tricus^ 
vidatus of Heller. 

Distribution. New to the fauna of the Red Sea. Only recorded by 
Ooutiere from the Maldives. 


BianguiculataB group. 

Synalphrus BIUNOUICULATUS {Stimpson) Coutiere. 

S. biun^iculatus^ CoiitiSre, 190«5, p. 873, pi. 71. fig. 8. 

S. biutiffuiculatua, De Man, 10116, p. 273, pi. 11. fig. 51. 

Localities. Station V. B, one broken. Station V. A, one, 10 mm. Station 
V. C, 1 c?, 12 mm., and 1 ?, 15 mm. Station X., 1 ? , 15 mm. 

Remarks. All these specimens belong to the typical form of the species as 
defined by De Man. 

Distribution. Previously recorded from the Red Sea by (Joutit?re, from 
Suez and Djibouti; Maldives and Laccadives (^Ooutiere); Dutch East 
Indies (De Man). 

Nobili has recorded this species from Massaouah in the Red Sea, bub 
De Man states that it is not possible to say what species he had under 
observation. 

Synalpheus savignyi {GuMn), 1850, pp. 47-51, pi. 2. figs. 8-11. 

Athanas nitescenSi Audouiti Sc Sa^igny, 1820, p. 90, pi. 9. fig. 4. See also Ooutiere, 
1899, p. 17, 

Lorality. Station I. F, 1 ? , 15 mm. 

Remarks. 1 have not been able to consult Guerin's works, and I am 
indebted for the reference thereto to Coutiere. The single specimen at ray 
disposal agrees absolutely with Savigny's figure, and I have little doubt 
that it belongs to the species which Savigny had under observation and, 
moreover, it seems to me that Savigny's figure is an extraordinarily faithful 
reproduction of the species. S. savignyi is very nearly allied to S. hiungui^ 
euJaiuSj and before I was able to consult Savigny's work I had noted it as a 
variety. The rostrum is exactly as figured by Coutiere for S. hiunguicvlatus 
except that the left tooth of the trident is almost obsolete. The carpocerile 
is slightly longer than the antennular peduncle, while the scaphocerite is 
equal in length to the latter. The antennal scale reaches forw^ard to the 
distal end of the second joint of the antennular peduncle. The inferior 
spine of tiie basicerite is equal to the stylocerite, while the superior spine of 
the basicerite is quite well developed. 

The outstanding feature of the species is to be found in the palm of the 
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large chela (the left one in this case), which ends anteriorly in a sharp spine 
directed straight forward. In S. hiunguiculatus the palm ends anteriorly in 
a bluntly rounded tubercle. The dactylus of the smaller chela is without a 
dorsal brush of hairs. The merus of the third legs is four times as long as 
wide, with three or four movable spinules on tlxe distal third of its lower 
margin. In this character it resembles S. pacliymerisn Oout. Tlie carpus of 
these limbs has a single spine on the distal corner of the lower margin and 
the propodus bears seven or eight spinules. 

The species differs from S, biui^guiculatus in the form of the large chela 
and in having spinules on the merus of the third legs. In the latter 
character it agrees with /S', pachymeris, but differs from this species in the 
rostrum and large chela. 

The specimen was infected by an abdominal Bopyrid. 

llUtribution, S. savignyi does not appear to Imve been seen since it was 
originally described and figured by Audouin and Savigny. Its rediscovery 
is therefore a matter of considerable interest. Savigny^s specimen probably 
came from the Hed Sea though no precise locality is given. 

SyNALPHErS QUINQUEDBNS, n. sp. (PI. 28. figs. 1-5.) 

Localities, Station I. D, 1 ? , 18 mm. Station V. E, I ? witli eggs, 
20 nun. Station VI., 1 9,16 mm. Station Vlf. F, I ? , 19 mm. 

Uncertain. 1 (J, 13 mm,, 1 $, ovig., 13 mm., labelled “part of the 
fauna of two dead valves of M, margariiifera which were covered by sponges 
and supported a regular microcosmos of life,*” 

Description, A new species of the hwnguiculatus group, belonging to that 
section of the group characterized by having the posterior margin of the 
sixth abdominal somite armed with teeth. In S, qtnnquedens^ the posterior 
margin of the sixth abdominal somite is armed with a prominent obtuse 
spine or tooth at each lateral corner and betwi^en them, three other smaller 
blunt teeth more or less equidistantly placed (PI. 28- fig. 5). 

The general form of the body is robust and tumid, and there are a few 
very scattered quite short hairs on the carapace and abdomen. 

The three prongs or spines of the rostral plate (PI, 28. fig. 1) are equal in 
length and extend forward about half-way along the basal joint of the 
antennular peduncle. The central spine is narrower than the laterals, of 
more or less equal width throughout. The> lateral si)ines are broad and 
obtuse. Each of the rostral spines is tipped by a few short setse. 

The antennular peduncle (PI. 28. fig. 1) has the third joint shorter than 
the second and the stylocerite slightly longer than the basal joint. 

The carpocerite (PI. 28. fig. 1) is five times as long as wide, and projects 
beyond the antennular peduncle by about one-sixth of its length. The 
terminal spine of the scaphocerite is ^qual to or slightly shorter than the 
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antennular pediinclo, while the antennal seale roachos to the level of the 
distal end of the second joint of the antenmilar peduncle. The lateral spine 
of the basicerite is very acnte and as loii^ as the first joint of the antenmilar 
peduncle, therefore slightly shorter than the stylocerite. The sfdne at the 
upper angle of the basicerite is well developed, acute, about one-thinl as 
long as the lateral spine. 

The telson (PI. 28. fig. 5) is two and a third times as long as wide at the 
posterior margin. Its posterior angles are aeub^ but not spinous, and 
immediately inside of them the posterior margin bear< t\Yo s])ines on each 
side, the inner of which is slightly the longer. The usual two pairs of 
d(»rsal spines are present, rather robust in form, the posterior pair situated 
about the middle of the telson. 

The larger cheliped (PI. 28. fig. 2) is of the general form found in 
5. hhti}(juiculatas. The merus is triangular in eross-secdion, each angle of 
the triangle marking a oarina running longitudinally down the joint and 
ending distally in acute spines. The carpus is acutely spinous at its lower 
distal corner. The eliela is rather more than 2i times as long hroad, (piite 
smooth and oval in form. The anterior margin of the palm ends in an acute 
but not spinous tnborcdo. The fingers are about one quarter of the length of 
the wliole chela. 

The morns of the smaller cheliped is three times as long as wide, unarmed 
at the apex, with .numerous long setm on the inner margin. The whole 
chela is three times as long as broad, the palm being two-thirds of the total 
length and the fingers one-third. The movable finger is tapering and 
furnished with stiff setfc at its tip. 

The nierus of tlie st^eoml pair of legs (PI. 28. fig. 3) is very nearly five 
times as long as wide. The carpus is about equfil in length in tlie nierns, 
the first joint equal in length to the succeeding four, the last joint longer 
than the combined length of the third and fourth. The chela is very 
slightly shorter than the first joint of the carpus, with the fingers one and a 
half time.s as long as the [»alm and fringed with long tufts of setfc. 

The third jiair of legs (PI. 28. fig. 4) are of relatively stout form. The 
merus is rather more than throe times as long as hroad and unarmed. 
The car[)us is four-ninths and the propodns tvo-thirds as long as the niern.**, 
the carj)us being unarmed and the propodns hearing seven short sjunes on 
its inner margin. The dactvlus is very short with the secondary nail well 
developed. Length of the only male 13 mm., of the female 13-20 mm., the 
smallest a.s well as the largest of which are ovigerous. 

This species fulls within that grouj) of forms belonging to the hiintaiflnt-- 
latns division of the genus, in which the posterior margin of the sixth 
abdominal somite is armed with teeth. De Man has described six species 
in the Siboga Report, belonging to this group : S bispinosvs^ S. triacanthus^ 

UNK, JOURK.—2500L0Gr, VOL. XXXIV, 29 
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S. qnadridens^ S. qmdrispinosus^ S. trispinostts, and S. septemsfnnosustj the 
specific names of which refer to the number of teeth on the posterior margin 
of the sixth abdominal somite. Following this nomenclature, the specific 
name of the new species here described indicates nt once the main point of 
difference from the species described by Do Man. Among De Man’s species, 
S, quinqvedens is at once distinguished from S, triacanihvs^ S. frispmoms, 
and S. septemsjnnosvs by the character of the rostral plate. In the first two 
species the central spine is exceedingly long, much longer than the lateral 
teeth and as long as or longer than the first joint of the antennular peduncle. 
In S. septemspinosus the central prong of the rostral trident is longer than 
the laterals, whereas in S. quinquedens all throe are equal. 5. friapinosvs 
and aS. septinnspinosiL^ are further distinguished from S. qmnquedenit by 
having the inerus of the third legs armed with seven or eight spinules. Of 
the other three species, S, qmvqnedens approaches most closely to S. quadn’- 
spvwsus, differing only in the extra spine on the sixrt.h abdominal segment. 

This group of species is most nearly relaied to the type-form of the 
division of the genus to which they belong, S. hiungnicidatus^ and in fact, 
but tor the armature of the sixth abdominal somite, would be difficult to 
separate from that species. 

Genus Alpheus, Fahricius, 

Hacrochiras group. 

Alpheus gracilis, Heller, 1861, p.*271, Taf. 3. figs. 19, 20. 

See De Man, 1911 b, p. 837, pi. 14. fig. (JO. 

Localities, Station VII. B, \ 16 rnm., I ? with eggr«, 17 inin. 

Station IX. A, 4 , 9-17 mm., 4 ? , 9-16 mm., three of which, 12-16 mm. 
in length, were carrying eggs. 

Distribution, The type-form has so far not been met with outside the lied 
Sea, from whicli both Heller and C'Outiere have recorded the species. The 
var. altvandi, (.^outiere, is known from Mahe and the var. luciparensis, 
De Man, from Lueijjara Island in the Dutch East Indies. 

Alpheus ventuosus *, II, M.-IJd,, 1837, p. 352. 

A. ventrosuSf Couti6re, 1905, p. 882. 

A, ventvosus. De Man, 1911 />, p. 339, 

Localities, Station VII. B, six s|)ecimens. Station V. E, several. 

Distribution, Recorded previously from the Red Sea by Heller, Paulson, 
Kossmann, De Man, Miers, Nohili,and Coutiere; widely distributed through¬ 
out the Indian and Pacific Oceans. 

* Stebbing fl91fi) identifies this species with the earlier described Alpheus lottini^ Guerin, 
which name it should accordingly bear. 
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Crinitns-obeso-mamis g:roup. 

Alpheus microstylus, Sjk Bafey 1«88, p. 5G6, pi. 101. fig. (5. 

A» micro8tt/lu$f Coutiore, 190o>, p. 884, pi. 78. 23. 

A, microBUfluBj l)e Man, 19] 1 6, p. 844. 

Locality , Section V. E, 2 (J, 20 and 22 inui. 

/)istnhuti(m. Previously recorded from the Ked Sea by (Joutiere from 
Djibouti and Muscat; widely distributed in the Pacific Ocean. 

Crinitns-crinitus group. 

Alpheus alcyone, I)e Many 1902, p. 870, Taf. 27. fig. 61 . 

A, ahyoncy Nobili, 1906 A, p. 32. 

A. nculeipes, Coutitne, 1908, p. 892, pi. 79. fipr. 81. 

A, alcyonej J)e Man, 1911 6, p. 351. 

Locality. Station V. one specimen, 10 mm. 

IHstnhution . Previously recorded from the Red Sea by (^outicre from 
Djibouti ; widely distributed in the Indian Ocean. 

Alpheus sp. ? 

Locality , Station V. A, 1 c?, 10 mm. 

Remarks, This specimen approaches A, alcyone very closely, but differs 
from it mainly in the fact that the median rostral process is absent or obsolete 
so that the rostrum presents the form of an emarginate plate. 

The dactyl us of the last tliree pairs of legs lias a very small accessory 
tooth so that it is obscurely bi-unguiciilate. There is no prominent spine 
on the distal corner of the lower margin of the carjins of the third legs, bnt 
there are two spines on the median portion of this margin. The second 
joint of the carpus of the second pair of leg.s is about three times as long as 
the first. The other characters are exactlj^ os in A, alcyone, 

Alpheus bucephaloides, JS^ohiliy 1905 h , p. 238. 

A, bucephahxilcSy Nobili, 1906 A, p, 29. 

Localities , Station V. E, 1 9 mm. Station IX. A, 1 c?, 10 mm. 

Remarks, It is with a considerable amount of reserve tliat I refc / these 
specimens to Nobili’s species. They differ from the latter in not having the 
movable finger of the small cheliped broadened and fringed with seta.*, and 
in having the second joint of the carpus of the second legs 1 3 times as long 
as the first, instead of I'G as in A, bucephaloides, 

Tlie carpus of the tlurd legs has only three spinulcs on the lov\cr border in 
addition to the terminal one and has no spines on the upper border. There 

29* 
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is only one spine on the outer uropod at the suture. These small differences 
may he due to immaturity, as the specimens are in otherwise close agreement 
with A. hucephaloides. 

JHstrihdion, This species is new to the fauna o£ the Red Sea and is other¬ 
wise only known from Nobili’s record from the Persian Gulf. 

Alpheus coNSOBRiNiTs, 7>e Man, 1908, p. 101. 

A. comohnnus, l>e Man, 1911 h, p. 360, pi. 16, fip. 75. 

Localities. Station V. A, 1 cJ, 1 ?, 14 mm. Station V. 1), 1 <J, 9 mm. 
Station V. E, 2 ?, 14 mm. Station VII. 0, 1 (J, 1 ?, 10mm. Station 
IX. A, 1 cJ, 2 9,9 mm. 

Remarks. This species is very closely allied to A. hucephahts, (Joutiere, hut 
differs in having the fingers of the small chela of the male expanded and 
hairy. The differences between the two species do not seem to me to ho 
clearly established, but by reason of the above character I refer my 
specimens to De Man’s species. 

Distribution. New to the fauna of the Red Sea ; otherwise only known 
from the waters round the Dutch East Indies. 

Alpheits PACHYCHiuus, Stimpson, 1860, p. 30. 

A. pachychirm, l)e Man, J911 ft, p, 366, pi. 16. fig. 77. 

Locality. Station IX. A, 1 cJ, 15 mm. 

Distribution. Recorded once previouslj" from the Red Sea by (AMiticre from 
Djibouti ; widely distribulod throughout the Indian and Pacific Oceans. 


Crimtus-insignis group. 

Alpheus insignis, Heller, 1861, p. 269, Taf. 3. figs. 17-18. 

A. insignisj Coutiftre, 1905, p. 899. 

Locality. Station IX. A, 1 ? . 

Remarks. This specimen agrees very well with the descriptions of 
A. insignis except that the lateral lobes of the rostrum are not setiferons. 

Distribution. Recorded previously from the Red Sea hy Heller, Paulson, 
De Man, Nobili, and Coutiere ; otherwise widely distributed in the Indo- 
Pacifio Ocean. 

Alpheus paraorinitus, Miers, 1881, p. 365, pi. 16. fig. 6. 

Locality. Station Vll. 0, four specimens, 11-12 mm. 

Distribution. Recorded by Ooutiere frpm the Red Sea at Djibouti j other- 
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wise known from t.lie original record of Miers from Goree Island, Sene- 
ganibia. A variety of this species, hemjalmsis, (.'outiere, is known from 
Minikoi. 


Edwards! group. 

Alpheus Al’Doi'lNii, Couture, 1905, p. 911, pi. 87. fig. 52. 

A. auduxiiniij Do Man, 1911 p. 414, pi. 23. tig. 100. 

Locality, V. E, 1 cJ, 21 inm., 1 $ , 10 mn\. 

Dislrilmtioi}. This species has hitherto been confused with A, edwardsil^ 
Audouin, so that the previous records for the Ked >Sea are not easy to 
deterniiiie. It has, however, been cert^iinly recorded by Nobili and (.'outiere 
from this area. 

ALrHKiTS 8TRENUUS, Dunu^ 1852, p. 543, pi. 34. tig. 4. 

A. Hrenuuij Couti^re, UK)o, p. 913, pi. 87. fig. 63. 

A, strmum^ De Man, 1911 b, p. 423. 

Localities, Station 1. A, one specimen, 28 mm. Station V. E, two speci¬ 
mens, 17 and 24 mm. Station VII. C, one specimen. 22 min. 

Distribution, Previously recorded from the Hed Sea by De Man, Nobili, 
and (.^outicre ; a widely distributed Indo-PaciKc species. 

Alpheus bouvieiu, a. J/.-AV/., var. huXaULEnsis, Coutiere, 11)05, p. 908, 
pi. 85. tig. 40. 

Lorallty, Station V. C, I ? , 10 mm, 

Dlbtribution, Kecorded from the Kcd Sea by Coutirrc from Djibouti ; 
otherwise only known tioin the Maldhes. 

AIaPHKUs PAKViRusTttis, J ) anu , 1852, p. 55J, pi. 35, fig. 3. 

A. yarvirosfriit, Coutiere, 1905, p, 900. 

A, 2)arvimstriHf Do Mini, 19X1 b, p, 432, pi. 22. fig. 100. 

Localities. Station V. A, 2 <J, 12 and 13 mm., 5 ?, 9-14 mm. Station 
V.B, 14 specimens. Station V. C, 2 cJ, 8 and JO mm. Station V. E, 2 
ISand 14 mm., 2 ovig. ?, 12 and 14 mm. Station VII. 0, 2 d, I2aud 
13 mm., 2 ovig. ? , 12 and 13 xnm. Station IX. A, 3 (including 1 o\ig, ? ), 
5-9 mm. 

Distribution, Kecordod from the Ked Sea by Heller and Ci>uticre ; other¬ 
wise widely distributed in the Indian and Pacific Oceans, 

In addition to the above-named species the collection contained two 
ovigerous female Alpheids, from among coral in one fathom of water at 
Mersa Ar-rakiya, which were too much damaged to identify witli certainty. 
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Family HIPPOLYTIDiE. 

Genus Saron, Thallwitz, 

Saron neglectus, l)e Man^ 1902, p. 854, pi, 26. fig, 58. 

<9. neglecim^ Coutiere, 1910, p. 71, figs. pp. 73, 78. 

8. uefflectuSf Kemp, 1914, p. 87. 

Locality, Section IX. A, two specimens, 25 inm. 
Previously recorded from the lied Sea by (Jouticre. 


Genus Thor, Kingsley^ 1878. 

Thor paschalis (IJeller, 1861, p. 276, pi. :i. fig. 24). 

2\t8ckw;aris paHchaiiSf Nobili, 1906/?, p. 88, pi. 3. fig. 1. 

Thor paschaltHf Kemp, 1911, p. 94, pi. 1. figs. 6-10. 

Locality, Station V. C, two specimens, 9 mm. 

Remarks, The carpus of the second perseiiods is si.K-jointed and the telson 
bears four pairs of spinules. 

Listribution, Previously recorded from the Red Sea by Heller and Nobili. 
For further distribution see Kemp (loc, cit,). 

Genus Hippolvtk, Leach. 

Hippolytb PROTEUS, PauhoH (1875, p. 109). (PI. 28 . figs. 10-12.) 

See Nobili, 190f»p, 33. 

Locality, Exact locality uncertain. The label bears tho numl>er W. 12, 
and J think refers to si)eeimens captured in Suakin Harbour. 

Remarks* Two small specimens of Hippolyte^ 9 and 11 mm. in length, 1 
refer to Paulson’s specie's, with some doubt, Nobili (1906 a) has published 
a translation of Paulsoji’s original description, and to it I am indebted for 
information on this form. My sj)ecimens belong to category A of Paulson 
and to the first group of that category. The rostrum (PI. 28 . fig. lU) is 
equal in length to the antennular peduncle and much shorter than the 
antennal scale. The ii[)per edge bears three teeth, the first two placed at one- 
third and two-thirds of tlio way along tlie rostiami and tlie third and smallest 
tooth near the tip. Tho larger specimen has two small teeth on the lower 
edge in the anterior (distal) third, the smaller specimen only one small tooth. 
The antennal scale (Tl. 26 . fig. 11) is about three and a quarter times as long 
as broad. The car[ms of the second pair of legs (PI. 28 . fig. 12 ) has the 
first joint twice as long and the third joint one and a third times as long 
as the second. The latter is one and a half times as long as broad. 
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Nobili regards tlie category B specimens of Paulson as synonymous with 
//. orientalis, Heller, which Kemp (1914) suggests is possibly a synonym of 
//. ventricosns, M.-Ed. From the lairer as redescribed by Kemp, my speci¬ 
mens differ in liaving a much shorter rostrum. Jn //. rentricoms the rostrum 
is equal in hnigth to the antennal scale and much longer than the antennnlar 
peduncle. In my specimens the rostrum is only as long as the anteniiular 
peduncle and much shorter than the scale. There are also differences in the 
proportions of the joints of the carpus ami in the antennal scale, and it seems 
useful to indicate these by Ihe following table, in which 1 have incorporated 
measurements made from Kemp's figures. 


Antennal Scale— 

H, ventricosm. 

II, varians. 

11, prottus. 

L : H . 

3*0 

3*5 

3*25 

Joints of Carpus 1 . 

.30 

2*G 

2*0 

9 

»» f> ^ . 

1*0 

1*0 

1*0 

j» *> J . 

1*7 

1*4 

1*3 

2nd joint of Carpus L : ii 

10 

2*0 

1*5 


At the same time it is only just to ]>oint out that my specimens are not 
fully grown, and the proportions of the joints of the caipus imiy change 
with age. The rostrum i’^ well known to be of very variable form in species 
of this genus. I reconl my s[>ecimens under the name 77. protens^ rather 
with the idea of indicating their structure, than from any conviction that 
tile species is really distinct from 11, orlenlalUy Heller, or 7/. mifricosNs, 
M.-Ed. 


Family PALJSMONIDTE. 

Subfamily PoN ton IIN 1878. 

Genus Palj^monella, Dana^ 1852. 

Pal.emonella tenuipks, Dana, 1852, p. 582, pi. 38. fig. 3. 

P. tenuipeSf Nobili, 1900 «,p. 70. 

P. ienuipes, Borradaile, 1917, p. 358. 

Localities, Station V. H, one specimen, 10 mm. Station VJl. (J, three 
specimens, 10-17 mm 

Remarks, I think this is certainly the species recorded hy Nobili as 
R, temnpes, Dana. The main points of difference from Dana^s descri[»tion 
and figures are:—(1) The relatively longer palm to the ohehe of tin* second 
pair of legs; (2) the merus is armed wdth a spine at the distal extremiU of 
the lower border only ; (3) Dana makes no mention of the minute teeth on 
the fingers of the chelce noted hy Nobili and present in these specimens. 







384 


MB, AV. M. TAl’TERSALL ON THE STOMATOPODA AND 


The four specimens in the present collection have the rostrum armed with 
seven or eight teeth above, two of which are on the carapace, and two below. 

Two of the specimens still retain the second pair of legs, and these, 
measured, give the following proportions, taking the carpus as unity. These 
measurements are compared with those given by Nobili in his description of 
this species and with similar measurements taken from Dana^s figure and 
from Borradaile’s figure of P. trideniata (1898 a, p. 1007, pi. 04. fig. 8). 
I have added the proportions of the joints of the first legs, ilerived from the 
same sources. 


Crosalaiid Bed Sea 
specimens. 

Nobili. 

Dana. 

1st leg. ' 2nd leg. 

Borradaile. 

P. triderUata* 


f 

Ist leg. 

2ud leg. 

2tid leg. 

1st leg. 

2nd leg. 

Meriis . 

10 ; 

1*4 1*2 

1*1 

im 

•9 

•7 

Carpus. 


10 1*0 

1*0 


i-0 

1*0 

Palm. 

■4 

1*7 1*6 

1*6 


*6 

1*6 

Fingers ...... 

*36 i 

i 

10 10 

•8 

1 

^■i 

1 *4 

1 

*76 


From this table of measurements it will he noted (1) that in Dana's 
specimens the palm ot the second leg is relatively shorter than in either 
Nobili’s,specimens or mine, and (2) that my specimens have relatively longer 
fingers than either Dana's or Nobili's, though Nobili gives the measurements 
of the palm and fingers of another specimen in which the fingers are 
relatively longer than in the otlier limb measured and approach more 
closely to the ]>resent specimens. 

As legards the first pair of legs, Dana's specimens have the arm and hand 
both longer than the wrist, while in mine the arm is equal to the wrist and 
the hand shorter. 

Falwmonella tridentaUi^ Borradaile, is very closely allied to P. tenuipes, 
Borradaile gives the following points of difference:— 

(1) There are three teeth on the underside of the rostrum, instead of two. 

(2) The inner edges of the fingers of the second pair of chelae are armed 

wiili teeth. 

(3) The distal end of tlie merusis rounded in profile, hut provided with 

a large spine below at a short distance from the end. In P. tenuipes 

it is acute in profile and without the tooth. 

(4) The arrangement of teeth on tlie inner ramus of the mandible is 

different in the two species. 

Of these differences, number one is merely an individual variation, and 
numbers two, three, and four apply also to the present specimens and to 
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Nobili’s as distinct from Dana’s. The most important difference between the 
present specimens and P. tridentata is broii^^ht out in the table of measure¬ 
ments of the second pair of legs given above. In my specimens, and also in 
those examined by Dana and Nobili, the nieriis is longer than the carpus. 
In Borradaile’s figure of P. tridentata it is shown as considerably nhorter 
than the carpus. On the other hand, the proportions of the joints of the first 
legs in P. tridentata agree closely with tlie present specimens. 

As a result of the above considerations, it follows that the present 
specimens belong to the same species as those examined by Nobili and 
referred by him to P. tenaipes^ Dana. I accept Nobili’s identification. 
JP. tridentata^ Borradaiie, is closely allied to P, tenuipes and doubtfully 
distinct. 

/HslrUnitiou. Previously recorded from the Red Sea by Nobili ; Sulu Sea 
(Dana) ; Japan (Ortinann) ; Maldives (Ortmann) ; Amboina (De Man;. 


Grenus Peiuclimenks, (Josta. 

Periclimenes PETiTTHoUARsii (Audouin^ 1820). 

Palasmon petiHkouarmj Audouin, 1826, De^a*. Egypte,IIi8t. Nat. 1. iv. p. 91; Savijniy, 
Atlas, Crust., pi. 10. fij?. 6. 

Peridimenea petitthounraii^ JloiTudaile, 1898^, p. *{81; and 1017, p. 3()9. 

Localities. Station V. A, one, 16 mm. Station V. C, two, 13 an9 15 mm. 
Station VJI. E, one, 11 mm. Station VII. i \ four, J(M5 miii. 

SuJan t'oast, no definite locality, forty, 7-18 mm. 

Distribution. Previously' recorded from the Red Sea by Audouin, Paulson, 
Kossinaiin, and Nobili, and by the latter from tlie Persian (lulf, 

Periclimenes calmani, n. sp. (PI. 27. fig. 11; PI. 28. figs. 14-15.) 

Locality. Sudan Coast, four specimens, 13-17 mm. 

Description. Tlie carapace is sinootli, without siipra-orbital spines. Antennal 
and h(‘patic spines are present, the latter a little below the level of the former. 

The rostrum (PI. 27. tig. 11) roaches almost or quite to the apex of the 
antennal scale and considerably beyond the apex of the antennular peduncle. 
It is concave from the base and bears dorsally' 8-U teeth, the proximal tooth 
well behind the orbit, the second tooth placed over the orbit, and the remainder 
more or less regularly spaced with a longer interval l>etweeii the 5th and 
6th tooth. The lower edge bears 4-5 teeth, the proximal one below the 
5th tooth of the upper edge. 

The third inaxillipeds reach to the end of the antennal peduncle. The 
exopod is longer than the antepenultimate joint. The latter hears six spinules 
an<] a few setae on its outer margin. The first legs (PI. 28. fig. 14) extend 
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forwards to the apex of the antennal scale. The carpus is about one-sixth 
longer than the uterus and one and a half times the length of the hand. The 
palm is equal in length to the fingers. There are no ischial, ineral, or carpal 
spines. The fingers are without teeth on their cutting-edges. The second 
legs (PI. 28. fig. 15) extend beyond the antennal scale by one-half of the 
carpus plus the whole of the hand. The proportions of tlie joints are as 
follows ;—Ischium 2*0 min., merits 2*3 mm., carpus 2*55 min., palm 1*8 inin,, 
finger 1*6 inm. There are no ischial, meral, or carpal spines. Both the 
fixed and immovable fingers have on their in.side margins a shallow oval pit 
bounded by small teeth proximally and distally. 

This species clearly belongs to the subgenus Falvigei\ and if we attempt to 
run it down with the aid of Borradaile’s key to the species of the subgenus 
we find that it would fall in Section I. by reason of the oval pits in the 
fingers of the large chela, a peculiarity only noted in two of the s{)ecies, 
P. spinifemsj De Man and P. petifthouarsi (Audouin). From tlie former 
species, P. calmani is distinguished by the absence of supra-orbital spines 
and from the latter by the long and slender form of the great chela, the 
much greater length of the carpus of these limbs, and the absence of spines 
on the first and second legs. 

It is possible, however, that the oval pits have been overlooked in other 
species of the genus. If, therefore, we ignore Section 1. of Borradaile's key 
and proceed to Section 11., we find the nearest ally of P. calmani in P. .sey- 
chellennif^ Borradaile, from which it is distinguished by the shorter rostrum 
and the longer pair of second legs. 

P. calmani is very closely similar to P. demani^ Kemp, 1915 a. The 
general form of the body and the proportions of its various j)arts are very 
much alike. But P. demani has a supra-orbital spine and has meral and 
carpal spines on the second leg.s. Judging from Kemp’s figure, P. demani 
also has oval pits on the fingers of the cbelie of the second pair of legs. 

Periclimbnes sp. ? 

Localities. Station V. C, two, 7-10 mm. Station VII, A, one, 7 min. 

Uncertain, one, 13 mm. 

These specimens belong to the subgenus Falciger and to that group of the 
species having a supra-orbital spine. The rostrum is longer than the 
antennular peduncle and subequal to the antennal scale. The formula is 
7—8 • 

and the rostrum is concave from the base. Unfortunately the second 

legs are missing in all the specimens. I think they are almost certainly 
the form recorded from the Red Sea by Nobili under the name of P. ensi- 
frons, Dana, but as the second legs provide the characters for specific 
determination it is not advisable to name these specimens. 
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Periclimbnes sp. ? 

Locality. Uncertain, one specimen, broken, labelled “ Ooinmensal, P.0.13.’^ 

Remarks. I cannot identify the single muiilated .specimen with any 
described species and I think that it represents a new form. As the second 
pair of legs and the posterior half of the abdomen are missing, I refrain 
from giving it a name. Among described forms it ap[)ears to be most closely 
allied to P. horradailei^ Kathbun = P. ienitipesy Borradaile, nec Holmes, and 
to P. kolamadulensisy Borradaile, 1915. 

The rostrum, whicli is slender and slightly recurved at the tip, extends 
beyond both the antennular {)ediincle and the antennal scale, and is one and 
a quarter times as long as the carapace measured dor.sally. The rostral 
1 - 4-7 

formula is The carapace bears supra-orbital, antennal, and hepatic 

spintfs. Such of the legs as remain still attached to the s[)ecimen are 
exceedingly long and slender. The first pair extend beyond the apex of the 
rostrum by the whole of the chela. The car[)us is one and a (|uarter times 
as long as the chela. The fifth leg reaches forward as far as the apex of the 
antennal scale. 'I’his specimen differs from both P. borradailei and P. /reZw- 
madnlensis in the shorter rostrum and different rostnal formula and in the 
presence of a supra-orbital spine, but resembles both in the slender form of 
the legs. 

Periclimenes sp. ? • 

Locality. Station VII. C, one specimen, 9 mni. 

Remarks. This specimen cannot be identified with certainty as the second 
pair of legs is missing. It belongs to the subgeniis Falcujer and to that 
group of species having antennal and hepatic, but no supra-orbital, spine.s on 
the carapace. The siiborbital angle of the antero-lateral border of the 
carapace is acute but not spiniform, and the lower angle snb-reetangular. 
The rostrum is long, equal in length to the dorsal line of the carapace 
from the border of the orbit, and extends forward to the same level as the 
tip of the antennal scale and fur beyond the antennular peduncle. It 
b<‘ars seven teeth (including the terminal one) on the upper margin and 
two teeth on the lowf?r. All the upi>er teeth are situated on the rostrum 
itself, the first one immediately above the orbital border, and there are none 
on the caraiiace. The antennal scale is about three and a half times as long 
as broad at its widest part, and the external margin ends in a strong .spine 
which extends beyond the apex of the scale. The antennular ))eJunclc 
reaches forward to the level of the fifth tooth of the ro.striim. It lia.s one 
spine only on the external distal corner of the basal joint and a prominent 
spine on the ventral surface of this joint near the middle of the outer margin. 
The last three thoracic legs seem unusually stout. 
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The species of this genns are difBcalt to determine in the absence of tlie 
second pair of legs, and I have not attempted a specific identification in tliis 
case. 

Periclimbnbs sp. ? 

Locality. Station VIL A, one, 5 miii. 

Remarks. This small specimen belongs to the subgenus Crisfiger and is 
most closely allied ioP. Nobili. The rostral formula is ^ and all tho 

teoth are on the rostrum, none on the carapace behind the orbit. There is 
no supra*orbital spine. 


Genus Harpilics, JJana^ 1852. 

The type species of the genus is Harpilius IvteseenSi Dana, and Borradaile, 
on the evidence of Sollaud (11>10) that the third maxilliped in this genus 
has no arthrobranch (although Sollaud does not say what species lie has 
examined), coupled with the remarkable form of the second maxilli{)ed 
figured for the type species by Dana, has instituted a new genus Jlarpiliopsis 
to include two species, //. beaupresi and H. depressus^ which have the second 
maxillipeds of normal form and arthrobranchs on tho third jnaxillipods. 
The validity of the genus llarpiltopsu seems to me to be questionable. The 
addition of a single line to Dana's figure (tho line showing the contour of 
the antepenultimate joint) will give a form of second maxilliped not unlike 
that depicted by Borradaile for H. depresms. It is more reasonable to 
imagine that this line has been accidentally omitted from Dana’s figure than 
to suppose that H. lutescens really has the remarkable form of second 
maxilliped actually figured. 11. lutescens is otherwise so closely similar to 
JJ. depressus as to be doubtfully distinct. Tho latter species has normal 
second maxillipeds, and on Borradaile's evidence as well as my own, has 
an arthrobranch on the third maxilliped. So that if my suggestion as 
to Dana’s figure be accepted, flarpiliopsis at once becomes a synonym of 
Harpilius. 

• On the other hand, specimens which 1 have referred to Id. gerlachei^ Nobili, 
do not appear to possess an arthrobranch on the third maxillipeds, and they 
further differ from all the other species of the genus in the absence of a 
hepatic spine. It would appear therefore that t£ a new genus is required, it 
must be instituted to receive H. gerlachei. Until more evidence is forth* 
coming as to what species of Harpilius Sollaud lias examined with reference 
to the presence or absence of arthrobranchs on the third maxillipeds, it would 
be premature to define a new genus for H. gerlachei and I prefer, at present, 
to include all the species in one genus. 
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Harpitjus beauprbsi (^Audomny 1826, Descr. Egypte, Hist. Nat. I, 4, 
p. 91, pi. 10. fig. 4). (PI. 28. fig. 8.) 

H, beaupredf Horradaile, 1898 p. 886 ; and 1917, p. 879. 

K, beaupresi, Nobili, 1906 a, p. 63. 

Locality. Suakin, Station VII. A, five .specimens, 10-16 inin. 

Remarks. The rostral forinuloe of the specimens are and All 

these specimens have a spine on the lower .surface of the basal joint of the 
antennnlar peduncle. Nobili wa.s unable to find a similar spine in the speci¬ 
mens ho examined. IT. heaitpresi is at once distinguished from the other 
species of the genus by the extreme length of the spine on the outer corner 
of the joint from which the antennal scale springs. The form of the dactylus 
(PI. 28. fig. 8) of the last three pairs of legs is characteri.stic. It is stout, 
.slightly curved, swollen at the base, and equal in breadth at its base to the 
j)ropodus to which it is attached. 

Saviguy’s original figure .shows the-form of the dactylus very well, but 
I refigure it here to compare with other species of the genus. 

Distrihution. Previously recorded from the Red Sea by Audouin, Heller, 
Paulson, and Nobili ; Persian Gulf (Nobili) ; East Indies (De Man). 

IlARPlLirS DBPRESSUS [Sthiipson). (PI. 28. fig, 7.) 

Harpiliopm ^epressus^ Borradaile, 1917, p. 880. 

Localify. Station VII. C, J ? , 18 mm. 

Remarks. The identification of this .specimen is based on Borradaile's 
monograph (1917), but 1 am doubtful of the distinctness of this species from 
IL bUescens, Dana. Except for the fact that this specimen has two teeth on 
the lower margin of the rostrum, I can find no murkeil character in which 
it differs from Dana’s species. The discrepancy in the form of the second 
maxilliped 1 have already attempted to exi)Iain. The pre.sent .'specimen has an 
artlirobrancli on the third maxillipeds. It is to he noted in this connection 
that Nohili records Dana\s .species from the Red Sea, without comment. 

The species differs from II. heaupresi in its more robust form, in the 
shorter spine on the outer corner of the joint bearing the antennal scale, in 
the shape of the antepenultimate joint of the third maxilliped, an<l in the 
stouter form of the list three [lairs of thoracic legs and their daotyli. The 
latter are short, .stout, and curved, and apparently capable of being almost 
retracted into a socket at the base of the piopodiis (PI. 28. fig. 7). The 
whole arrangement recalls the claws of the carnivora and is t'ound in 
n. lutescenSy H. depressus^ IL gerlachei^ and 11. consohnnns. In IL heaiqtresi 
the last thoracic legs are much more slender, and there does not appear to be 
a socket at the apex of the propodus for the retraction of the claws. 

Oft the ventral surface of the thorax, between the bases of the first pair of 
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‘ l«gs there is a strong median forsrardly directed spine, fuid in front of the' 
bases of the third pair of legs'are two ^nsverse chitinons ridges or plates, 
one on each side, meeting in the centre and separated a notch. These 
latter are exactly in the situation occupied by the thelycum of the Penseidse, 
but I hare no idea whether they function as snob in this species or are even 
homologous. I bare noticed similar structures in H. gerlachei, 

DittrUnUion. Indo-Faeific, in corals. New to the fauna of the Red Sea. 

H, IvUweni is known from Tongaiabu (Dana) and the Red Sea (Nobili). 

Habfjuus oebi.aoh^, NcSnli, 1905 a, p. 160. (FI. 88. fig. 9.) 

H. garladui, Nobili, 1906 A, p. 45, pi. 6. figs. 10,10a; ilorradaile, 1917, p. 881. 

Locality. Station V. E, 3 % with eggs, 14-18 mm. 

Rmarh$. These specimens are in substantial agreement with Nobili's 
description and figures. The rostrum reaches to about the level of the apex 

of the antennal scale and has the formula all the teeth being on the 

rostrum and none on the carapace. This species is characterized by the 
absmioe of a hepatic spine, which together with its tumid form and the shape 
of the dactyli of the last three pairs of legs serve to render it easily recog¬ 
nizable. ^e dactylus of the last three pairs of legs (PI. 88. fig. 9) is short, 
stout, strongly curved, and much narrower at its base than the distal 
extremity of the propodus, which is swollen slighidy and appears to have a 
socket at its apex into which the dactylus can be retracted. 

Viftrihution. New to the fauna of the Red Sea. Otherwise only known 
from the Persian Gulf (Nobili). 

Genus Ooballiocabib, Stimpton, I860. 

COBALMOOABIS suFEBBA {Dana, 1852, p. 573, pi. 37. figs. ia-f). 

See Bonadule, 1898 A, p. 385, end 1917, p. 868. 

Locality. Station V. E, 2 9 with eggs, 18 and 23 mm. 

Remarks, This species has no hepatic spine on the carapace. 

Distrihvticm., Previously recorded from the Red Sea by Paulson and 
Nobili; East Indies; Tongatabu ; Tahiti. 

COBALUOOABIB LUCIKA, Nchili, 1901, p. 5. 

C, Inmell^cstris, De Mon, 1903, p. 842, pi. 26. fi|;. 56. 

C. locum, Nolfili, 1906a, p. 57; BoiradaQe, 1917, p. 884. 

Locality, Station Y. £)> two specimens, 17 and 18 mm. 

Remarks. These ^ecimens agree closely with the descriptions given by 
DeJdan abd Nobili. The only difference I can find from De Man^s figures is 
tiiat there is a greater interval betwemi 1^ fifth (penidrimate) tooth of the 
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rostrum and tha small sixth (last) tooth, which is much nearer the apex of 
the rostrum in my specimens. The rostrum extends forward to the apex 

of the antennal scale and has the formula All the teeth are situated on 

the rostrum and none on the carapace. This species possesses both antennal 
and hepatic spines on the carapace. 

JJUtribution. Only known from the Red Sea (Nobili) and Ternate 
(De Man). 


Genus Anchistits, Borradaile, 1398 ft. 

Anchtstus mieksi (Be Matt, 1888, p. 274, pi. 22. figs, ti-10). 

See Borradaile, 1917, p. 388. 

Locality. Station VII. G, 16 specimens, <?» 15-21 mm., $ ,21-30 mm. 

Distnlmtion. Previously recorded from the Red Sea by Nobili; Persian 
Gulf (Nobili) ; coasts of India (Henderson), and the Mergui Archipelago 
(De Man). 

Anohistub INERMIB {Mievs)^ 1884, p. 291, pi. 32. fig. B. (PI. 27. fig. 4.) 

A, tMrmis, Bormdaile, 1898 ft, p. 387; and 1917, p. 388. 

Locality. Station YU. G, 1 <f, 24 mm. 

Remarks. The first legs present a feature not hitherto noticed in this 
species. The chela has the appearance of a somewhat deep spoon or scoop, 
the edge of which is fringed with somewhat long setre (PI. 27. fig. 4). This 
appearance is brought about by the expansion of the propodus and the 
folding inward of its margin. This character is possibly sexual. 

Nobili (1906 a) in recording Pontonia pinncPy Ortmann, from the Persian 
Gulf, ascribes to his specimens two characters which do not agree with 
Ortmann’s original description. He says that the rostrum extends almost 
to the end of the antennular peduncle, and that the fingers of the great 
chela are a little longer than the half of the palm, rather more than one-third 
of the total length of the hand. Ortmann shows the rostrum to be con¬ 
siderably shorter than the antennular peduncle and, while giving no pro¬ 
portions in bis short description, figures the fingers of the great chela of 
the second pair of legs as scarcely more than one-third of the length of the 
palm. It is precisely in these two characters that Anchistus inevmis, Miers, 
differs from Pontonia pimice, Ortmann. I think it is very probable that 
Nobili^s specimens from the Persian Gulf, recorded as Pontonia pinnw^ 
Ortmann, should be referred to Anchistus inermis^ Miers. There remains 
the question as to whether Pontonia pinnee^ Ortmann, is really distinct 
from Anchistus inermis^ Miers. The differences between the genera lie 
entirely in the characters of the third maxilliped. In Anchistus^ the last 
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two j(HQts are narrow, wiiile in Pmtoaia tiiej are broad. Orinwon tnakes 
no mention of ike form of ^ maxiltifteds in hb specimens. No one exoei)t 
KoIhU has recorded fab speobs since. 1 fasre given reasons above for snp^ 
posing that Nobili’s spedmens were really referable io A. inermia, Miers. 
The two characters of the rostmm and large chela 1 have .already mentioned 
provide the only poinb of di^rence between the two species. Are these 
snfBicieut for speoiBo differentiation ? An examination of Ortmann’s type is 
necessary to clear up this point. 

IH$tribution. New to tiie fanna of the Red Sea; hitherto known from the 
Indkn Ocean. 


Genus CoNCHODTTBB, Peters, 1851. 

CoKOHODTTEB MELBA6B1K.X, Peters, 1851. 

C. mekatfrina, Botradaibi, 1917, p. S93. 

Loeality, Uncertain. 40 specimens, 19-30 mm., bbelled “Commensal 
P.0.13.” 

IHstrilnaion. Previously recorded from the Red Sea by Nobili; Indo-Pacific' 
in Meleayrina and occasionally in Tridaena. 

Subfamily Pal^xxonikas. 

Genus Lbabdkr, Detmarest. 

Lbabdbb tebuioobnis, Say, 1818, p. 249. 

Leander natatWf Nobili^ 1906 a, p. 74. 

lamdtst imuic! 0 Tn\%^ Stebbing, 19i4 a, p. 288. 

Locality. Station II, 1 9,37 mm. 

Remarks. My specimen agrees very closely with Hgure 6, pi. 128, of the 

9 

‘Challonger’Report except that the rostral formnla is ij, two of the dorsal 

teeth being situated behind the orbit. The rostrum extends just beyond the 
apex of the antennal scale and is of the deep btirostris ” form. The con¬ 
fusion which at present exists among tbe s{)eoies of this family is well 
exemplified in the species here in qnmtion. Stebbing (foe. dt.) has identified 
the Jjeander natator of Milne-Rdwards s^ subsequent authors with the 
earlier described Palamon tentdeomia of S^J. At the same time Stebbing 
points out that this species agrees with Lecaider sguUla in luiving the palp 
of tbe mantiible two»jointed. His description runs as follows: “ tbe 
mandibles have a very mender two*jointed palp, tbe second joint much the 
longer." My specimen agrees exactly with this desenption. It should, 
however, be pointed out that speeimeni in tlm British Muspuin labelled 
Leemder natatw, have, according to Cbl^n i(Hanip, 1910, p. 130, footnote), 
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a tfaree-jointed mandibalar palp. Spence Bate (1888^ p. 784) makes no 
mention of the number of joints in the palp but merely remarks on its 

extreme tenuity/’ The question is of great iitipoi*tance in connection with 
the characters of the genus Lea'iuier^ The typo of the lalter genus is 
2/. erraticuSf Desmarest, identified by Spence Bate and later authors with 
L. natatory M.-Ed., which, as mentioned above, Stebbing has shown to be 
identical with L. ienuicornU of Say. Stiinpson also gives L. natator as the 
type species. It follows, therefore, that the typo species of the genus 
Leandtr has a two-jointed palp, and if the number of joints in tlio mandibular 
palp be considered of generic importance, it is the three-join(ed palp species 
which must be transferred to a new genus. 

Palmnon torensis, Paulson, cannot be identical with L. vatator^ M.-Ed.,a8 
surmised by Nobili, since Paulson distinctly figures the mandibular palp 
as three-jointed. On the other hand, Palwmonella yracilis^ Paulson, is a 
species of Leander with a two-jointed mandibular pjilp. 

These remarks will serve to show the pressing need for a revision of the 
genera and species of this family. 

DisirUmtion. Widely distributed in the Atlantic, Mediterranean, Indian, 
and Pacific Oceans. 

Leander concinnus (l?ana, 1852, p. 587, pi. 38. fig. 10). 

Leander loftgicarpu$t Ortmann, 1891, p. 516. 

LeawUv conemnm^ De Man, 1897, p. 705. 

Leander concinnus^ De Man, 1902, p. 807. 

Locality. Station I. A, 23 specimens, the largest 38 mm. in length. 

Remarks, The rostruni in the majority of the specimens has the form 
shown in Dana’s figure 105. There is in all the specimens but a single 
tooth behind the orbit. Tliis is followed by from 4-6 teeth more or less 
equidisbintly placed on the proximal part of the rostrum. The distal part is 
upeurved slightly, and usually devoid of teeth with the exception of a small 
one almost at the extreme apex, giving the latter a bifid appearance. In two 
specimens the apex is irifid,and in one of the remaining specimens there is a 
single tooth on the distal part of the rostrum half-way between the proximal 
teeth and the apex. Below, the rostrum bears from 3-5 teeth. The rostral 
formula may therefore be represented as follows :— 

1+ (4-6) + (0-1) -f bifid (trifid) apex 

. ^ ^ 

This species, like the preceding one, has the palp of the mandible two- 
jointed. 

Distribution^ New to the fauna of the Red Sea. Fiji (Dana) ; East Indian 
Archipelago (De Man). 
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BopiEaufainily Crang'onolda* 

Family PBOOBSSID^. 

Oenas KmoiDES, PauUm^ 1875, p. 98. 

Kikoibbs sp. ? 

Locality. Station YIII. one apeeimen, 8 mm. 

Remarki. I am unable to determine this specimen with any degree of 
certainty, and as the left leg of the first pair and both legs of the second 
pair are broken it is not possible to give iin adequate description. It differs 
from the description of N. dancc^ Paulson, as given by Kobili in the 
following particulars ;— 

(X) The rostrum is very much shorter, hardly extending as far forward 
as the proximal margin of the cornea of the eye ; it is acute with a 
single small acute dorsal tooth quite near the apex ; on each side of 
the base of this tooth there springs a single strong seta which 
extends forward to the apex of the rostrum. 

(2) The *exopod of the first pair of walking legs is very much shorter 

and barely extends beyond Uie ischiopodite. 

(3) There are no spines on the isrhius and merus of the last three pairs 

of legs, which are otherwise In close agreement with Nobili’s 
description. 

In the last two characters my specimen approaches N. maldweniis, Borra- 
daile, 1915, p. 209, but I am unable to institute a comparison with that 
species in the characters of the first legs, and Borradaile’s description of the 
rostrum of Jf. maldivensis does not agree with what I have observed in 
the present specimen. 

The chelate leg of the first pair, which is present in my specimen on the 
right side, agrees closely with Nobili’a description of that appendage in 
jy. dance. 


Suborder BSPTANTIA. 

Tribe AVOXOXA 
Suj>er-faiinly TlialltMillldnit. 
Family A!&lIDiS,^j£hx£s, 1888. 
Genus AxiOPSiS, Sorradaile^ 1903, p« 538. 

Axiopsxs MxmovWA^ NebdU 1904, p. 835. 

A. Nobili, 19064, p. 92, t. fig. 1. 

ijooat&y., dtation T. E, one spedmeni 18 iiiin« 
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JRmarii. This specimen screes oompletelj with Nobili’s careful descrip* 
tion, and I have nothing farther to add to his account. 

Viitribuium. At present only known from the lied Sea (Nobili). 

Family OALLIANASSIDiE, Bate, 1888. 

Subfamily UFOGEBllUiE, Borradaile, 1903, p. 512. 

Genus Upogebia, Leach. 

UpOOEBIA (CAUilADKE) SAVIOUTI, StroM, 1862, p. 1064. 

U. tatignyi, KobSi, 1900 a, p. 06. 

LoeaUliee. Station VII. D, 29 specimens, 5-27 inin. Station 1.0, always in 
pairs, a large % and small d in yellow sponge, 14 specimens. Station Y. G, 
one specimen, 9 mm. 

Uncertain. 1 juv., 5 mm., labelled Crust, fr. 44.” 

Remarke. This species seems to be usually, if not always, associated with 
sponges. Two specimens were infected by a Khizocephalan parasite on the 
under side of the abdomen. 

Upogebia (Upogebia) P8£nDOCHBi.ATA, n. sp. (PI. 28. figs. 16-22.) 

Locality. Station VII. 0,1 <?, 6 mm., 1 ? , ovigerous, 12 mm. 

Deteription. The rostrum is quite short and does not extend beyond the 
eyes. In dorsal view it is triangular in shape with an obtusely rounded 
apex, and its margins are not provided with teeth or spines, llie lateral 
tooth on each side is almost obsolete, but it marks the anterior termination of 
a strong lateral tnbercnlated ridge which runs backward on each side to the 
well-marked cervical groove. This ridge bears about a dozen small tubercles. 
The central portion of the dorsal surface of the rostium and carajuice is 
provided with numerous small obscure tubercles arranged irregularly in six 
rows, more numerous and prominent nearer the rostrum, becoming obsolete 
or absent towards the cervical groove. Between the tnberculated portion of 
the carapace and the lateral ridge on each side, and running parallel to the 
latter, is a linear groove or impression, devoid of tubercles and likewise 
becoming obsolete us it nears the cervical groove. The rostrum itself is 
provided with a dense tuft or mass of short setse, and the remaining part of 
the carapace and the body is adorned with scattered hairs of varying lengths. 
The antennular peduncle (PI. 28. fig. 17) is shorter than the antennal 
peduncle, equal in length to the first three joints of the latter, and extending 
beyond the eye by the whole of the last two joints and the narrow distal 
portion of the basal joint. The third segment is three times the length of 
the second. One flagellum is thirteen-jointed and the other ten. The longer 
flageilam is about one-fifth longer than the peduncle, the shorter flagellum 
equal to the peduncle in length. 


30* 
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13ie antennal pednnole (tl. 88. fig. 16) is composed oE £oar segments with 
no prominent spines on an^ of them. Between the second and Uiird 
segments there is the artionlated remnant of the antennal scale, consisting of 
a smtill triangnlar plate with two small apical teeth. The second joint is 
famished with a row of very long sotse on the nhole of its lower margin. 
This row of set«e is continued across the outer face of the third joint and 
terminates in a dense brush on tite upper distal corner of the joint. 

The first pair of legs (PI. 88. fig. 18) are equal in siso and snbobeliiio in 
both sexes. The roeras is equal in length to the propodns and doable the 
length of the carpus. The propodos or palm is three times as long as wide, 
oblong in shape with parallel sides. The movable finger i^ ubont half as 
long as the palm, and the fixed finger rather less than half the length of the 
movable one. The fixed finger bears five small tubercles on its proximal 
half and iinpiiiges on a prominent tooth on the movable finger so that a false 
chela is thereby formed. There are no prominent spines on any of the joints 
but the limb is richly provided witli setse. The merus has a row of very tong 
setio on its inner and lower margin, while the carpus has a dense fringe of 
small hairs on its upper margin. The palm has its lower margin fringed with 
long setiB, and there is a dense row of shorter hairs on its outer fuce besides 
other scattered hairs. The movable finger is well provided with setse. 

The second leg (Pi. 1^. fig. 19) has the merus atent equal to the propodus 
and carpus combined, the proportions of the joints being merus 3‘75, 
carpus 1*75, propodus 2, daotylus 1. The propodus is two and a lialf times 
as long as broad. There are no specially prominent spines on these legs, Imt 
the inerns, carfuis, and propodus are well provided with long setse. 

The third and fourth logs (PI. fig. 20) are ipeoiully. noticp.ible for the 
form of the daotylus. Its oat«^ mar^n bears fire to seven tubercles und 
the inner margin a dense saw of aboat 16-*16 finely pointed teeth on the 
distal part. 

The fifth logs (PI. 98. figs. 21-22) have the usual subckelate arrangement 
due to a prolongation forward of the lower e<%e of the propodus. This 
prolongation is about half os long as die daofylns and terminates in a 
proniiaent tooth. The daotylus beurs a saw of fine teeth on its inner margin. 
The telson is broader than long, its lateral margins jiarallel, the lateral 
comers evenly ronndod and the posterior nmtgin straight. It is of the same 
length as the uropods. 

Length of an ovigerons female, IS mah'., of the only male, 6 mm. The 
male speeimen agrees folly with the female, bat I am unable to say whether 
there is the marked ^nal dimorphism in sixe which die two specimens 
suggest 

Among described species, U, ptHtdochelafa approaches most neqrly to 
(7. hrteroekeirf Kemp, 1915 a. The latter his the Mine psendoohelate form 
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of the first pair of legs in fhe male only, the female h«viiig the first pair of 
legs simple. In this character the species are distinct. These two species 
also agree in the churacfer of the dactyli of the third and fourth pairs of 
legs. f/. pseiulochelata differs from U. heteroeheir in the following points 
(i.) the much shorter rostrum and the almost complete absence of lateral 
teeth ; (ii.) the presence of tubercles on the rostrum ; (iii.) the relatively 
longer flagella to the antennuie ; (iv.) the absence of spines and teeth on 
the limbs and other appendages; (v.) the different form of the pseudochelate 
limb and the fact that ii is common to both sexes; (vi.) size. 

In general facies and structure the two species are closely allied, but the 
differences already mentioned may be considered of s})ccific value. 


EXPLANATION OF THE PLATES. 

PI 4 ATK 27. 


Fig. 1. IWudosquii/a mvi/alttp/Uhnimat Bigii\ow» Lorsal \ iew of anterior region. 

*2. „ „ Lateral view of eye to show the real 

proportion between cornea and 
])ednnclo. 

3. Dorsal view of sixth abdominal seg¬ 

ment and tels:^n. 

Chela of leg of the drst pair of the male, 
i’aulsoij. Dorsal \iew of anterior region of 
s|)ecimen 2S mm. 

Dorsal view of sixth abdominal seg¬ 
ment and telsou nf the same specimen. 
Carapace and rostrum. 

Merus of last thoracic leg of a male to show 
notch. 

Thelycuiii. 

Petasma. 

Lateral view of anterior end. 

Thelycum, 

Lateral view of auteiior end to show the 
relations of the rostrum^ extra- and iufra- 
corneal spines, and eyes. 

Anteunular peduncle. 

Antennal peduncle and scale. 

Leg of the first pwr. 

Leg of the third pair. 


7. 

8 . 

0 . 

10 . 

11 . 

12 . 

J3. 


14 . 

16. 

16 . 

17 . 


AnchhtuB inennin (Miers). 
Ounodactylus brecisquaim tuSf 


J^enaopsitt stebbhufi (Nobili). 


Peridmetm cahnani\ n, sp. 
2*entfQpsu vadlanti (Nobili), 
Athmas cfHtsslandiy u* sp. 


ft 
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ft >1 
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Fig. 1. Sffmfpheui qtmqwde»u^ n. sp. 

2. ,« tt 

3 * ft tt 
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Plats 28. 

Dorsal view of anterior end. 
Large chela. 

Leg of the second pair. 

Leg of 01114 pair. 
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JO. 

IJ. 

32. 

13. 

14. 
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16. 
17, 

15. 
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20 . 
21 . 
22 . 
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24. 


S^i^eiu », ip. 

ZjfUifiguilh tnuit(faieiaUtj W.*M. 
SitrpifiHi dtpre$tm (StimpsoD). 

M heaupf^m (Aud.). 

,1 ffet'latheu 


Hippolyte prciwt (P«ul«on). 


Boml viiw of sixth abdomioal saginmit and 
telioii. 

Baptorial claw. 

Third leg (distal joints) to show tha form of 
tlie dactjlus. 

Distal joints of third leg to show furm of 
dactyl ns. 

Distal joints of third leg to sliow form of 
dsctylus. 

Rostrum. 


»» M 

»» *• 

Pentetipm BtMingi (NoWli). 
*> » 

»• M 

VpoyMa pmtdochtlata^ n, sp. 
»; » 

>» It 

»> >» 

» n 

If 

Motion diimrphus^ Ortinann. 

M » 


Antennal scale. 

Carpus and chola of the tocoud pair of legs. 
Lateral t iew of petasma to show teeth. 

First leg. 

Second leg. 

Antennal peduncle. 

Antennnlar peduncle and flagolla. 

I^g of tlie first pair. 

Leg of the second pair. 

Leg of the third pair. 

Leg of the fifth paii. 

Distal end of leg of the fifth pair. 

Chela of the tight leg of the first pair in the 
male. 

Chela of the left leg of''the first pair in the 
male. 

Chela of the right leg of the first pair in the 
male. 


26. Aihana$ Couti^re. 
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Observations npon the Relationships of the (Bryozoa) Selenariadse, 
Oonesoharelliaidae, etc.. Fossil and Recent. By Abthub Wm. Watbes, 
F.L.S., F.G.S. 

(Platks 2lB, 30.) 

[Read 19tli June, 1919.] 
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♦ In preparing a list of Bryozoa from Onin (Algiers) a few specimens of 
Cupviaria Johnsoniy Busk, have led me to more extended studies for a better 
understanding of the whole of the group ; however, a large number of spirit 
or fresh specimens are required foj a complete study of this little understood 
group, which is oue of the most interesting. This communication makes no 
pretension to dealing exhaustively with it, being principally remarks on some 
species in iny collection. 

I had previously received, from the late Canon NormaJi, a f'>w spirit 
specimens of tliree species of Cupiilariay collected off Madeira, namely, 
C* canarienHSi Busk, C. Johnsoniy Busk, C, Loweiy Busk, each of which 
revealed new etructures, in stained preparations and sections. 

Of what have been considered as Selenariadse all are more or less cup- 
ahaped or fiat| and though now the shape alone would not be considered 

* Shortened refiare&ees are used in the text for die sake of economy, and the explanations 
of thoM coatnoittoiii are given cm p. 409, 
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safficieut for o!a8$i6oaiion, yet it is important to see how far other characters 
ran through all or most spedes. 

. The basal * stractore of Cupularia .eumntnm has a series of parallel 
ebainhers (PI. 29. fig. 1) filled with a grannlar snbstanoe and having a 
connection from each chamber to its neighbours through rosette>plates. 
The lateral walls are parallel with tlie axis of the soarium. These chambers 
are partly shown by Busk in his L, canarietms, ‘ Crag Polyaoa,' pi. 2. fig. 2 e, 
and would have been called kenozooeoia by the late Professor Levinsen, 
wliile Beuss and others have named ilie chambers at the base of Batopora 
“ abortive cells.” In Cvputaria the walls of these chambers, as well as those 
of the zooooial and vibracular chambers, are lined by large square flat cells 
wi& a small nucleus (PI. 29. figs. 2 & 3). These large cells seem to occur 
generally in the Selenariadse. 

In C. Lowei, Busk, looking at decalcified and stained preparations, with 
the opercular wall in focus, a number of siiiull bundles of muscles are seen, 
which pass from the frontal membrane through the large frontal calcareous 
pores (PI. fig. 1). Similar muscles occur generally in the Microporidse. 
Looking at the same preparation from below, the zooecial chambers are seen 
separated by a considerable free space, and to about the median line of the 
zooecial chamber there is a row of single t muscles, or sometimes a small 
bundle, passing from the lower surface of the zooecial chamber to tlie lower 
surface of the zoarinm (PI. 30. figs. 2 & 3). No structure at all comparable 
to this has been mentioned as occurring in the Bryozoa; however, the basal 
calcareous wall gives an indication of their occurrence, by a groove along 
the line of the muscles, with a pore at the end (PI. 30. fig. 4) ; and there is 
no doubt that fossil C. vmMlata, p,efr., and some otlier species, had die same 
muscular arrangement. Further examinati<m of spirit specimens may reveal 
points which could not be distingnislied in the very limited material 
available. , 

Whether a new genus should he made before more material and species 
have been examined is iierhaps an open point, Uiongh it does not seem that 
species having such different structures ns C. eanariennt and C. iMvoei can 
remain together. If found advisable, C. Lowei, €, umMlata, etc., might be 

• I shall throughout the paper, so far asposfdhle, consider the colony as seen in the 
po^on in which it fii-st grows on its snpport, so that the opercular wall la the upper surfoce, 
while the lower oV base rests upon tho support in the first stage. In doing this no opinion 
is pnmounced on the suggestion that some matnre (hrnls may live in a reversed position, and 
for the same reason the base of tiie Oone is always shown below, even though possibly it 
might be more correct to rever^ it in the mature foms of some species. 

t In a very good specimen the threads to the dorsal aurfitce are fine Unes, about the 
use as the fremtai opesial muscles, but in a speehnen in which some Ganges have taken 
they are hu^ and altemMdy light and dark, that ia tMd, whirii may he a 
hutologhial change. At each end the muscle widena out (m in I?! 30. %. 38). 



OF THE SKLEjrABIAO^C, CONESCHAHELLlKlDif:, ETC* 


401 


placed ia a new genus. It is the Discoporella of d’Orbigny with C. umbellata 
as the type, but the name having long been used, in mistake, for a 
Cyclostoinatous genus it is better dropped. 

These two strnctnres having been briefly referred to, the SelenariadsB can 
be considered, and an atte-nipt made to understand the relationship and 
limitations of the group. In all the growth is from the apex, and in 
Cupularia, i^elenaria^ and Lumdtte» it is known that under the apex there is 
often a grain of sand, a flake of shell or stone, or very frequently the shell 
of a fotam. This was, so far as 1 know, first pointed out by Defrunee, but 
has since then been frequently and almost amusingly rediscovered, being 
alluded to by Michelin, Goldfuss, Iteuss, Stoliezka, Busk, Beissel, 
Gabb Horn, Waters, Mapleslone, llobertson, Oanu, and Hurnier, though 
frequently it has l»een thought to be a characteristic of some one species or 
genus (se'e PL 29. figs. 1, 7, 8, 9, 10, and PI. 30. figs. 10, 12). 

. The calcareous shell of the Helenaridau colony ui^ually entirely encloses 
the hard base on which the growth started, showing no sign of the support 
either above or below, though sometimes the growth is on a much larger 
stone, as in some sj>ecimens of Cupularla canariensia from Petit Tahou, 
Liberia (LL 30. fig. 12). It would seem impossible fora colony so heavily 
weighted to float, nor can we think it could float in a reversed position. In 
Vihmcidld trapezmdea^ Ueuss, there is in several specimens a small projection 
on the umler surface below the apex, caused by the presence of a very young 
foram, but a few are found growing on much larger specimens of this 
Orbitoides stellata^ Giimb., or, as I am told it ought now to be called, Orfho^ 
plirafjma (see PI. 29. fig. 10). This Vibravella grows on the foram, and then 
grow^s beyond it, like an inverted cup, though in the specimen figured 
perhaps simultaneous growth of both organisms had taken place. When I 
first described* VihracfiUa trapez<ndea^ Heuss, only small flat pieces were 
available, but since then a number of disk-like forms, from Bocca di Sciesa, 
(^olle Berici, N. Italy, have been cleaned up, closely resembling in size and 
shape Cifpularia vanurlemis. From the same locality I have a few specimens 
of Mamillopora bidmtata, llss., also with the Orhitoides attached to the lower 
surface, but not centrally, nor have the majority anything attached, so that 
the few cases are probably accidental. No sand or other support has been 
mentioned as occurring in Mamillopora^ Batopora^ or VonescharelUua. 

Returning to Ciipularia and Selenana^ the larva settles on the support 
mentioned, and round the primary zomcia there are in Cupularia^ and usually 
in Selenaria, eight zooecia which are much smaller and shallower tlian the 
peripheral zooscia, and often in these smaller zooecia there is no sign of 
there over having been an opercular opening. In Lunulites there arc 

♦ << North Italian Bryozoa,” Quart. Jonrn. Geol. Hoc. vol. xlvii. p. 11, pi. 1. fig. 23 (1891). 
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dx or eight Booaoia snrroaoding the primary. The grovtii ia 
BorrooDding Booeoia in Cuptdaria it down in my FI. 9D. fig. 11, and Bnd 
has figured them in €. Johmom Bask; Selemria maetdata seems to hare 
six zooaoia round the prinmry t. 

Canu mmitions eight sooeda round the primary in LunuUtft low^ata, 
Oanu; but some LmuUUt»§ L.ttila, Marsson and L. Goid/um,JLag., hare 
only six. I have figured Selmaria eondnno, Busk (PI. 80. fig. 9), showing 
only fire sooeeia, but as there are three vibracnlar chambers these may be 
takAn as representing three zomcia. There are various Bryozoa in which the 
primary is surrounded by eight zooecia, as Fhiatrella hiynda, Fab., from 
Oban, and as shown by Barrois there are eight zoeeoia round the primary in 
I likroporella impressa, And., and six in § Mmbrunipora pdota, Ij. In 
M. lineatOf L., there are also six, as is the case in M. nitida, Johnst., 
M. Dumtrilii, Aud., M. temirottrisy Hincks, Mk-roporeUa diademoj MacG., 
M. dUata, Pall., from Oban, and M. Malutii, Aud. These may be taken as 
typical figures, even if there is some variation. In Cupularia, Seletvma, and 
LvnuUtet, the younger zooecia, sometimes even to three rows round the 
primary, have a caloareocis perforated front, just as we liave seen in the 
ordinary zooecia of Cupid^d Lowei, covered on the front by a membrane, to 
which bundles of muscles passing through the frontal pores are attached to 
draw it down, so that the strnctnre of these is Microporidan, while the outer 
zooecia have a Membraniporidan opercnlnm. 

In some Selenariadte the opercnlar opening is more or less closed by 
a tongae>like calcareous projection to which I have referred as ononrring 
in I Stlemria petaloides fossil from Kew IZddand, but in S. conchma 
(PI. 30. fig. oommenhes near proximal end until at^]ast the aperture 
may be entmly closed. It seems that this closnre must be compared with 
those which I ^ have dracribed over the operculum of Sdiizopordla unicornit 
and other Schizoporelildse, though it takes, a rather different form. Maple< 
stone ** has already referred to it. 

a Quart. Joura. Micr. Soc. rol. vSi. pi. 23. ig. 3. 

11 bare mode seotious of the amnll (8-6 mm.) fossil (Mtpora fMulttrit, Bss. from the 
Bartoiuini of S. Urbano di Mte. S, Qmve, Vioentiae, a spemet deseribed bj Reuse from Yal 
di lioute, but in hie first 'description other species were> .inrluded. likiclo^ in the colony, 
but not in the middle, is a grain of sand wi^out any smaiB sooeeia on it, so that diere is no 
reason for eonddming that it grew upon tiip sand et for making anr comparison with 
, Solouariades. There ate two smidl oral avitsilaria in ^ peristomial tube, and this shows it 
is sither Crikporw or Ze^m^ora, but no ovicells have bem aeen. 
t Emh. des Biy. pi. 16, fig. fi (1877). $ Zoc, di, pL 16. fig. 9. 

II l^tari. Journ. Gaol. Soe. vA. xxzix. p. 442, jA 12. fig, 11 (1888). 
f Jobro. thm. Soo., Zool. vol. xxxiv. p. 16 (}B1€^ 

♦♦ “ Vkt. foas. SAnar.,” vol. xvL p. 217, pl,.S6. fig. 8 (19M), 
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Appemdaqss. 

The t 4 >pendages of the'group have not received the attention they deserve, 
and aviculartu have frequently been in a wholesale way called vibracula as in 
Coneaeharellina, which always has avicularia. The vibracula of Selmaria arc 
of a type quite <iifEerent from anything known elsewhere, for they move in a 
ring external to the vibraoular chamber. 

In Lumlites there are various forms of appendages all of which have 
been generally spoken of as vibracula, whereas vibracula only occur in a 
limited number of fbrms in the family, such as Vibrucella trapezoidea, flss., 
and LumUUet mitral Marsson (probably Vibracella). There are “onycho- 
cellaires ” as figured by Beissel in L. Gold/astif* Hag., also they occur in 
L. tella, Mars., and L. mlebroa, Mars., and probably in L. lieiaseli. Mars., in 
which there is an elongate chamber, usually broken down. L. cupulas, Busk 
^ Lt. gibhosa.. Busk, also closely related to JL. patelliformis, Maplestone (non 
Marsson), has a long tapering seta divided at the end (PI. 30. fig. 16), which 
is different from anything we are acquainted with, and probably must be 
considered as avicularian. 

LunuUtes of the rodiata-type are the most common, and the avicularian 
chamber has a projection on each side, but being rarely well preserved 
they have consequently seldom been sufficiently figured. The name 
LunuUtes will probably ultimately be confined to this group, which will 
include such species as L. Hagenovoi, Bose (twn Beissel), L. transiens, 
Gregory, &o. 

11 have on several occasions said that the real difference between avicu¬ 
laria and vibracula consisted in the avicularia only having motion in one 
direction, whereas vibracula have motion in all directions, and we must look 
at the base of the appendages, or tlie chamber containing the muscles, &c., 
to decide which of the two we are dealing with; whereas the length of the 
appendage has little classificatory value in the Cheilostoniata, for short, 
round, or triangular avicularian mandibles may be replaced by whip-like 
mandibles, as in Alieroporella coronata, &o. 

In Cupularia canariensis the central setse are very short and small, though 
quite mature, increasing in size to the periphery, where they are very long. 
Correct appreciation of the differences between the two organs would hare 
led to their being more considered in classification in the present group, as 
well as ill other recent and fossil forms. Conescharellina has avicularia, 
Cupularia and Selenaria have vibracula, as it has been understood, 

* '<Ueiwr die Bry. der Aacbner Kieidebildang,” pi. % figs. 22, 24. Nat. Verb. Holland. 
Meat. Wetensdiajn^, vol. zzU., Haarlem 1866. 

t '“Bryosoa,” Bdsaltats da Voyage da S.IT. ‘Belgica’ in 1897-8-9, p. 27 (1904). 
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Iiafi iivicElarin, vibraoala^and onycliocdllaires. Mamillopora probably alwajii 
has avicalaria. In Cupularia, the muscles are frequentiy attached to tlie 
vibracula by broad bands (PK 30. fig; 29), instead of by narrow tendons as 
is generally the case in avicttlamn mandibles. 

OVIOELLS. 

No oyicells are known in Cupulariuj but ovaria and embryos are found 
in the zooecta near the periphery (PI. 30. fig. 25), nor are any known 
generally in Setenariuy though the late (1 M. Maplestone, in a letter, wrote 
that in specimens from Queensland he has Sf»en the ovioells of S. concinna 
resembling those of ConesclmreUina ptnlippinenm* In Conescharellina pkiHp-- 
pinensis tbei*e is a raised globular ovicell as described by Wbitelegge^r^^ 
I have some in my collection, though^ out of some hundred specimens, 
ovicells have only been seen in two or three. The ovicell, like the oper¬ 
culum, is directed to the centre of the zoarinin in a pnzzling manner^ 
ConesiiharelUna eoccma^ Neviani, also has ovicells. 

In Mamillopora Kosch., the ovicell is a raised infiation and is 

widely open, as in Ifdtiporella. In OrUtuUpora petiolus^ Lonsd., tt)e ovicell 
is also globose* § Sinittf figures it in Mamillopora ciijmla^ Sin.; Reuss and I 
have described it in Bai&pora muUiradiata, Rss. Cujmlaria Iddentata^^^ t 
Rss., also shows an ovicell, but from the figures it was not clear to what 
genus it belongs, but now it is found to be Afaim^/opom, closely allied to 
M, simplex^ Kosch. 

Most of the published figures of the earlier authors gave the Selenariadie 
upside down, whereas in sucK genera as Cuptduria, Srlenaria^ Limnlites^ 
the distal end with its Membraniporidan aperture should he shown at the 
top. Maplestone |j, when dealing with Com^harellina^ says, in accounting 
for the position, (he free edge of the operculum is directed towards the 
apex, but it is not the distal edge. The fact is tlmt the operculum is hinged 
at the distal end and not at Ihe proximal one ; so that in the conical forms 
not only are the zooecia upside down hot the operculum Is also upside down.^^ 
DiiBeult as it is to understand this reversal it seems to be the case in (7on- 
^charelliria, but not in Cupularia, or Lunutites. 

Whiteiegge§, Haswein, and Muplestoiae'^^, call attention to the semi- 

* " Anstnliaa Poly.** p. S42. 1887; **« abo itapleatone’a ** Bipone,” p. 0, pi. 1. fig. 2 
(1910). 

t naridaii Biyoso*, pL^. fig. 88 $ 7. fig*. 146,147 (1873). 

X ••Btiopan,” i^. 87, pi. 6. fig*. 7, 21 (1019). 

il " Growth and BftUt* of Bipon*.” 

§ «Att8tnaiBaPoly»«,’’p.339. im. 

f “ Polyso* firam tha (^naamkod Co*^” Proc, idim. Soe. N.S. W. T<fi. v. p. 4S (1881). 

«aipor»,”|J8. 1810. 
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lunar slits • which seam to occur quite generally in C. pliilippinemu^ and at 
any rate in most species o£ ConeuharelUna. They are found in quit© young 
zoaria, and in older ones they may occur in various positions ; sometimes in 
a circle^ that is at equal distance from the apex. I have seen in a colony 
two such circles with several slits, sometimes the slits occur along the radial 
line of the zoaria, in others between two radial lines. 

Wliitelcgge's theory, of those slits being rudiments of intercalated new 
sooecia, was declared by Levinseii to be practically impossible, and from the 
position of these slits it does not seem that they can indicate new zooecia, 
also the chambers are smaller and simpler than those of the zooecia, nor are 
there so many connections as in the zooecia. Having a considerable number 
of good dry specimens of C. Philippine nsU, it was hoped that examination, and 
sections in various shiges^ would give an explanation of their function, but 
this was not easy, though the explanation now offered will, I fully expect, be 
confirmed when living or spirit specimens are examined. 

Conencharelliim avffulopora (Woods) and C\ fiahellaris^ Lev., have a pro¬ 
jecting growth at the apex (PI. 29. fig. 16; PI. 30. fig. 19) giving much the 
same appearance as the bisal end of Cellaria and Tuhucellana^ both of which 
are directly attached by tubular radicles to the substratum. The slits, if my 
theory is right, indicate the radicle chamber ; and in a large number of 
Bryozoa ludicle cbainbei*s may occur with great freqneiicj", even to each 
zooecium, though the radicles may be developed in \ery small numbers. In 
a previous paper allusion has been made to the radicle chamber in Caiemria 
La/ontiif, And., in which a round spot, on the dorsiil surface, was shown to 
each zomcliim by Savigny, Busk, and others, without it being suspected that 
this w^as the opening of a dorsal radicle chamber, until I found a specimen 
with a few radicles,—although I have seen only a few, since they are very 
rare. 

When a radicle is forined in Conescharellina probably the disk closing the 
chamber is absorbed, and then a semicircular opening occurs as in PI. 29. 
fig. lO.s.jf. Levinsen, p. 310, says these superficial chambers seen in the 
whole colony seem to be in mutual connection with each other.'^ They are 
ill (Hmniiunicatioii through rosette-plates. 

Some rather important suggestions t have been made that the mature 

« I^vhisen proposes to speak of lonoecia instead of semilunar slit, but when we have a 
good name, why do we want to change it, even before the function of the structure is 
understood ? We must resist the tendency to change the name of each minute structum 
we find. Oanu and Bossier say that the lunoecia are openings of .special compensation 
somciulea^’^ no proof is given^ and 1 doubt whether it will he found to he the case. See 
Eorly Tert. Ohed. Bry. p. 76. 1017. 

t from Bapailo, Jonrn. Linn. Soo., Zool, vol. xxvi. p. 15 (1896). 

J Mi^estoney Bipowe,’’ p. 8. D'Obigny, Pal. t'ran^. p. 447, suggested that the young 
of OmmehartUinu were perhaps fixed by the conical extremity, and in many cases, 
at aay rate, this seems the most probable. 
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soBriaai floats witb ibe ap«x at Um bptt^, and we are awaiting proofs as to 
bow Uiis tabes ptaoe, as it is diffieait to anderstaod. Wbitslogge*, ia.a 
postseript, says that be has bad C. ^ilipjmenm ander examination^ and that 
“ nearly every specimen possesses a pair of tnbnlar filaments inserted on each 
side of tlie soarinm"; also be thinks “ the tube appears to grow ont of an 
avionlnrium.” Will it not be found that they grow from the semilnnar slit? 

Harmer f, speaking of the Selenariadso, says that he has some evidence 
that they may he aiinched to the ooze by means of very delicate flexible 
rooting processes, hnt he does not indicate the species or genns to which he 
is referring. From fossils and dried specimens of Coneseharellina the con* 
elitsion come to independently, is that there have been radicle processes, hot 
in Cvpahrutf Setemria, and LunuUtet there is no indication of anything 
similar. 

CliASSmCATION. 

% ' ''' 

We may new turn to he classification, as these investigations were nsidef 
to find a natural one, and certainly we are brought np against a most 
difiioalt problem. Qenorally in Cupularia, Selenaria, and LuHulite$ there is 
a thick under surface, through which long tubes may pass, or there.;inay be 
a series of cbanibers; further, the arrangement of the back ar ^11 as the 
front is radial, all of which seems to be quite different from anywiing known 
in other genera. In many cases in the Cfaeilostomata, such differences as 
whether the zooscta are uni- or bilateral, or whether they are adnate or 
erect, are purely zonrial characters, of no or but slight value in classification, 
but the characters on the under sarfaep, now dealt with, are not zoarial in 
the same eense, but are in oonnMtion with ^ zp^m. 

Looking at Cupularm and Selmona 'miih their similar opercula, similar 
lower surface, in most cases with eeutnd Nnull zooecia, often closed, with 
vibracula in both genera, there can be qo hesitation iti placing them in the 
same bmily; in Luni^Uen, the lower surface is radial and thick, long pores 
pass through it as in the last two genensfi, tbh ofiercnla are similar, but 
there is a more solid calcareous frontal «rall without perforations, though it 
clearly belongs to the same family. Itumditif, ai generally understood, 
requires separating into several genera, ae alpeady indicated. 

ConeMohai^llma differs from Cup^Aaria w^'Stletuma in many particnlars, 
such as the diape of the separable ^^rcnlibn, the reversal of the position Pf 
the pperoulum, the semilunar slit, absrabe ^ radial under sturface, although 
the zoeeoia are placed radially | on the other band, in the lower part &ere are 
a nnmber of vertical.i^am^rf, wbidi seqm comparable with the horwontal 
ones of Cupularia eondnensw, and it wc^ld be atrange (hat species not 

* «Aa8tialUBiPolysas,*’p.S4Jf,^^l^..,.. V 
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oIomIjt allied should develop iato a eoaioal form with small central zooeda, 
and should hare a series of chambers below the zooecia. Put shortly*, are 
there a number of Bryozoa from different families with quite different 
zocBcial characters which have taken on the same way of growth and snb- 
basal clwracters, or have related forms with similar growth gradually 
assumed more divergent characters ? 

Batopora has small chambers at tbe lower part, which Benss and Stoliczka 
call abortive cells, and these may be homologous with the chambers of 
Cupulaiia eanarientU and Coneteharellina. 

Qregorv * would place Batopora under Conescharellina, but Batopora has 
an oral aperture with a more or less straight lower edge, and a large widely 
open ovicell—^in fact, in most characters it resembles Holoporella, showing no 
reversal of the position of the zocecia, also tbe zoaria are more globular than 
conical. I am not sure that I understand what Clregory meant about the 
aperture of Coneteharellina elithridiataf Greg., which seems to be Holoporella 
or Cellepora. 

Trockopora, d’Orb. has the whole of the base filled in by a calcareous 
growth titrongh which pass very long pore tubes (PI. 30. fig. 17), This 
character may not be universal and is discussed on page 418. The base has 
radial divisions just like those of Lvnulitet, Ctiimlaria, &c., and in making 
sections these radial divisions are seen at every stage Of the preparation 
(PI. 29. fig. 18). A specitnen of Selenaria ttUidaf, Maplostone, in the British 
Museum, from 22 miles E. of Port Jackson, has the cone entirely filled in 
with a solid calcareous mass, and in some cases shows radiating lines at 
the base jnst as in Trochofiora. Oanu & Bassler J place Trochopora and 
Otionella, Can. & Bassl. under Metubraporina §, which befongs to Malacostega, 
but Lunularia they place with Opesi lidse, that is Coilostega. Tf there were 
sufficient reason for this it would indicate that the new classification has 
some weak points, but I fail to find sufficient grounds for separating Tro- 
ehopora from Lunulitet. 

Mv conclusions are, that of the forms with discoid or cupuliform growth 
there are two main divisions with one subgroup. 

(1) Those with the operculum in the frontal membrane, a radial base, and 
usually no ovicell, including Cupularia, Seletiaria, Lunulitet, with Selena- 
rioptii, Maplestone, Trochopora, d’Orb., Otionella, Can. A Bassl., Heteractis, 
Can. & Bassl. 

(2) Those with usually a fairly large operculum fitting into the Lepralioid 
OT Holoporellidan oral aperture j with a largo ovicell widely open in front, as 

• « Brit Paleog. Bry.," Trans. Zool. Soc. London, voL xiii. pt. 6, p. 261 (1898). 

f e of Beep Sea lavesttgmtions,” Records of the Australian Museum, voL rii. 

a. 871. ^ 77. fig. S (ISOS). 

Biy.,* Kat Mus. BuU. 9^ p. 10 (1»17). 

I LmIumb, “MouT^Ohea. ifty.” p. 144. 1909, 
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in Mtmdllcfora*, Spkimtpora, HMwellt, Mmidiik, Eosch., as wail as 
JBMopma and Slkhoporim t> 8t<d. (non Kosob.) with smaller oral apertures. 
At the base the zoaria may be radial, or there may be a growth of sooecia 
over the radiate zoceoia §. 

(3) As a subgroup, those with a small, nearly oval oral aperture, with a 
separable operculum, having mnscnlar dots fairly near together. The eooecia 
are directed to the apex, there are semilunar slits and a small raised globnlar 
oricell, the avionlaria are adventitious, whereas in Cupulark ti»ey are 
vicarious. Only Coneseharellina is known in this subgroup. 

The first division, if only the socecial characters were considered, would 
come under the Membraniporidse of Levinaen#, which is a very large family, 
or rather a casual ward for the homeless. 

Oanuf places LunulUet under Onychooellidm, bnt only a part have 
“ onychocellaires,” while some have vibrocula, and others have avicnlai'^^' 
as proved by tbe symmetrical aviculariun chambers; Cupularia Ire 
under the Oi>e8iulid8e, in which family he puts Mieropom, as he recognized in 
the fossils, what most others had not appreciated, that the frontal pores, 
where they exist, are opesiules. The muscles passing through these pores, 
have now been seen in my stained preparations. 

Besides the gmiera mentioned, the question of tbe relationship of the 
following must rai^usidered ;— 

1846. S^iehopora, Hugenow. 

1847. Prattia, d’Archiac, M4m. Soc. Gdol. de la France, vol, iii. p. 407. 

1851. IHteoporella, d’Orb., is Cupulatia. 

1851. IHtcofiuHrelk, d’Orb., is Cupularia. 

1851. Pi$e<^uttrellaria, d’Orb., Bfizrsson 'sayj only worn VunuKtes. 

1851. Cpmhalopora, Hog. This is innoli like Conetoharellina. The under¬ 
side has lieen mistaken for the upper side. 

1863. DueoeteJiaritet, lloemer, Nord. deu^h. Tert. Poly.p. 21, is Lunulites. 

1864. Bxcupviaria, Rehss, Sitzb. Akttd matb.-iuitarwisa. vol. 1. p. 9, pi. 3 

fig. 2 (1864). 

1882. Ateoua, JuIUen, must be placed under Mamlkpora, 

1887. Bipora, Whitelegge, is Conetcharellina, 

* 8eeN»vi«ui,"NBovaspe«sfo*MJedi8licb<>p<»tej^^&iv. ttal di Paleont. pp. 1-4.1896. 
t Proa, Linn. Soc. N.S. Walci, v<d. v. p. 42, pi. 8. figa 6,6 (1880). 
t atoliesin, “ Olig. Bry. voa Utdotf,” Sits. Aksd. d« Wisssasch. Wten, wd. rfv. p 92. 

$ This gronp is dedU; wit|t(^more fidly in Wetew, « BtOtpura mA ito AIKes.’ Ann. . 
Hat. Hist. ser. 9, voL ui. 19l9i , ■ ' . ^ 

{| "Morph. CirelL Biy.*’p, 148. 

f “Bry. foss. de Vkrgea^m(’ AnsL dd kfuseo da BiMBuM Alros, vol xvS. 

p. 276 (1908). 
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1893. BiseUmria, Grefrorj, nom. nov.-ssiDiloptads* Beuss (a name pre¬ 
viously employed elsewhere). From Betiss’s figure this looks like 
Cupulana with the frontal growth continued on the under side 
of the soarium, meeting in the middle. Sphwropora fossa, Haswell, 
in the same way, grows from the upper side over to the under side 
(see “ Batopoia,” p. 80)* 

1897. Ennalipora, Gabb & Horn. It is put by Yves Delago (with a in 
the Selenarina, but this is clearly a slip. 

1913. Selmariopsts, Maplestone. 

Species of these groups have been dealt with in a large number of works, 
but special reference is made to structure or relationship in the following 

Busk, Brit. Mas. Catal. pt. 2, p. 97. 1854. f (B.M. Cat.) 

Busk, Fossil Polyzoa of the Crag, p. 78, 1859. t (Crafr.) 

Stolicaka, ** Oligoc. Bry. von Latdorf,” Sit*. Ak. der Wissenseh. Wien, vol. xlv. p. 71. 
1802. 

Tenison Woods, some Recent and Fossil Species of Australian Selenariadae,” 
Trans. Phi^ Soc. Adelaide, vol. iii. p. 1. 1880. t (Selenai-iadae.) 

Waters, ^*Bryo*oa from N. S. Wales,” Ann. Mag. Nat. Hist. ser. 5, vol. xx. pp. 199-202. 
1887. t(N.S. Wales.) 

Whitelegge, Notes on some Australian Polyzoa,” Proc. Linn. Soc. N. S. Wales, vol. ii. 
pp.'3n7-847. 1887. t(Au8tr. Poly.) 

Maplestone, ** Notes on the Victorian fossil Selenariidit*,” Proc. Roy. Soc. Met. x.s. 
vol. xvi. p. 207. 1904. t (Viet. Selenar.) 

Maplestone, **On the Growth and Habit of Biporte,” Proc. Roy. Soc. Viet n.s, 
vol. xxhi. 1910. t(BiporBB.) 

Maplestone, " The Exped. of II.M.C.S. ‘ Miner ’; Polyzoa,” Rec. Austr. Mus. vol. vii, 
1909. 

Maplestone, Supplement, op, cit, vol. viti. 1910. 

Waters, ^*Ba(opora (Jlryozoa) and its Allies,” Aim. Mag. Nat. Hist. ser. 9, vol. iii. p. 79. 
1919. ^(DatoporaJ) 

The following al.<iO are referred to under the contractions f given ;— 

Oanu, “Contributions a T^tude des Bry. foss. des Terrains du Sud-Ouest de la France,” 
Bull. Soc. GtW. de France, various volumes. t (Bry. foss. France.) 

Leviusen, Morjih. and Syst. Studies on the Clieil. Bryozoa. 1909. f (Morpli. ClieiJ.) 

Mauzoui, Bri. foss. del Mioc. d^Aust. ed d’Diigberia, Wien. Denies, xxxvii. 1877. 

t(Mioc. d’Au.^t.) 

Manzoni, <‘Bri. plioc.Ital,,” Sitz. Wisseiisch. Akad. Wien, lix.-lxxi. 180J>- 71. 

t (Bri. plioc. ItHl.) 

Norman, ** Polyzoa of Madeira and neighbouring Islands,” Journ. Linn. Soc., Zool, 
vol. XXX. t (Poly. Madeira.) 

Waters, “Bryozoa from N, S, Wales,” Ann. Mag. Nat. Hist. ser. 6, vol. xx. 

t(N.S. Wales.) 


a “ Ueb»einlge Bry. aus dem deutseb. Unterolig.,” Sits. Akad. AViss. math.>nat. Cl. vol. Iv. 
p. 381,3^ 9. «g^ 3-4^(1807). 
t Oontimet^ vmd in the text. 

Uinir. 4aHI»N*-HS00LO6T, vol. xxxiv. 
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QoFcruiBU. 

Th« name Cupuktria was first, suggested by Lamouroux for ti>o fossil 
*^Lunulites ureodakt” Lamk,, wUdi Lunouroux subsequently figured for tbe 
first time, though neither froin the description nor figure will it ever be 
possible to know what speoies was intended. D’Orbigny, accepting 
Lamonroux’s snggestaon, described the genus Cupularictt and Busk, 
apparently forgetting that d’Orbigny had done so, again introduced it. 
Canu * figures a speoies as LunnlUet ureeolata, Cnv. and says that this Paris 
basin species has been known for a century by geologists as L. uree<^ata, and 
BO long ns it is not considered ns the species of Lamouronx, this seems to 
cause least difiioiilty, though Clavier gave no description, but then we must 
not call L. wceolata, Guv,, as figured by Canu, a synonym of L. uresok^., 
Ltimk. and Lamx., which it certainly is not. Lamouronx 
species to be the onfigured L. wreeolata, Lamk., and his descriptiofi'^-Verhally 
copied from Lamarck, to whom Lamouroux submitted much of lile material. 

Dr. Alice Robertson describes t Cupularm under inorasting,Ofaeilostomata, 
and says “touching the substratum only on the rim of the colony.” Itis' 
certainly iiicrusting in its earliest stages, but there is never an attachment 
confined to the rim. Nearly all forms of Bryozoa are inorusting in the 
earliest zooecia, bat beyond thi.s, CvpularUi is not so in the sense in which it 
has been used for many Obeilostomata. 

Cupularia is represented at present by a few spebies from temperate and 
tropical regions, and was abundant in the liuropWa tertiaries, with some in 
the cretaoeous formation. 

OOPOLABIA OANARTNNSI8, Buskt (PI. 89. figs. 1-5 : PL 30. figs. 11, 12, 
21, 22, 25.) 

■ Cupularia caaarieniiis, BuiA, Q. Joum. Mktr. t(A vfi. p. 66, pi. 28. figs. 0-9 (1869) ; 
"Crag,” p, 87, pi. 18. fig. 2 (1839); ds Aagelis, ^'Antlkos. y Brios. plioc. de Catalans,” 
E. Acad, de Oien. y Artes de Barcelona, p. 33, pi, B. figs, 9-9 (1900); Wateis “N. 8. 
Wales,” p. 201 (1887); Waters, ZooI.Ohall. Exp._Sup^. voLxzzi. p. 86, pi.3. fig. 2 (1889); 
Q. Joum. Oeol. Soc. vol. xli. p. 308 (1883); BoWtson, “tnc. Bry.,” Univ. California 
Pub. Zool, Tol. iv. p. 814, pi. 24. fijps. 90, 91 (1908); Mansoai, “ Bri. Plioc. ItsL” pt. 5. 
p. 10, pi. 2; fig. 17 (1869); “Plioc. sup. de lthodes,” Mdm. Soc. Cdol. de France,ser. 3, 
vol I. p. 67 (1887); Segaenza, “ Formas. Teiz. p. 871 (1879); Pergens, “ PUoc. 

Bry. von Rhodes,” Ann. k.k. nat. Wet. Ilo&oins. v<il..iil, p, 81 (1887); Neviani, “ Coat. alls. 
Conose. dei Brt foss. Italiani,” Ball. Soc. Qdol. Ital. ybL x. p. 180 (1891); “ Bri. foss. dalla 
Fwnesino,” Pal. Itol. vol. L p. lOl (1898); “Bri. Neds, di alcuni Loc. d’ltaba,” Ball. § 06 . 
Bom, per gli Stud. Zool. voh iv. p. 288 (14), p. 248 (1896); <>pv e£(, vcfl. v. p. 121 (1^); 


• “Bry. des Tenains I’ert. des EnviraiM de Paris,” Ana. de Peltoit. vol. li. p, 26|, 4. 

figs. 4-8 (1907). 

t “IpOTBst Naiv. Oafifomia ^sh,;J5o«^ ,?ol. ivt p. 814^ td. 24. figs. 90,91 

(IW8). 
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op, dtyol, vii. p. ^ (6) (1898); Bri. Neogr. della Oalabrie, p, 108 (1000); Bri. Terz, ed 
Poatterx. p. 862 (1900); foss. di Carrabare,” Bull. Soe. G^ol. Ital. vol. xxiii. p, 562 

(1906); Canu, Bry. foM. de TArgentine,^ Ann. del Mus. Nac. de Buenos Aires, voL xvii. 
p. 276. pi. 5, figs. 8-10 (1008); '<Bry. foss. Franco/’ vol. xiii. pp. 124,128 (1913); op. dt, 
ser. 4. voL xri. p. 187, pi. 3. figs. 4,6,0 (1917). 

Menihranipom eamrkniu, Smitt, Floridan Bry. pt. 2, p. 10, figs. 09 71 (1873). 

Cupularia gwmemiB^ Busk, B. M. Cat. pt. 2, p. 08, pi. 114 (1854); Zool. Ohall. Exped. 
vol. X. p. 200, pi. 14. fig. 0 (1884); Norman, “Poly. Madeira/’ p. 289, pi. 87. figs. 2-6 
(1909); Osburn “Bry. of the Tortugas Isl.,” Pub. Carnegie Inst. 182, p. 194 (1914). 

LtmuUtet mnatiensisy Manzoni, “ Mioc. d’Aust.” p. 72 (24), pi. 17. fig. 56 (1877), 

Cupularia canariensis^ as shown by stained sections, has at the base a series 
of parallel chambers (PI. 29. figs. I, 2, 4) filled with granular substance, and 
with a connection from each chamber to its neighbours, through rosette- 
plates (see page 400). These chambers must surely be homologous with 
those of Conescharellina^ as seen in C. pliillppinensis, angulupora^ etc., even 
though the shape is somewhat different. In whole stained preparations of 
C, canariemis these chambers can be seen at the base forming squares or 
rectangles (PI. 29. fig. 5), yet in many cases the calcareous zoanum shows 
no sign of these squares, but only the radial lateral ridges meeting in the 
centre of the lower wall. 

Careful examination, however, often shows the cross lines in some places, 
where only the more distinct radial lines are seen at first, and in some fossil 
forms the squares can clearly be distinguished, so that th].s is a character 
which must be dealt with cautiously. 

No ovioells are known in Cupularia^ but there are ova and large embryos 
shown in sections, from which it is clear that they emerge directly without 
passing into any external ovicell. In C. canariensis there are 14 tentacles, 
the same as in C. Joknsom, 

I have on several occasions maintained that C, canariends and C. guineenm 
are synonyms, and Norman'^, agreeing with me in their identity, wishes to 
take Busk’s earlier name of guineensis; but Canu, considering that canarietms 
has been universally used for half a century, and that for both these the 
author is the same, considers we should retain the name canaiiensis. Canu 
also thinks that the figure of eanarieuBis was good, whereas that of ginneefisis 
was bad Having several times compared the British Museum specimens, 
it does not seem that we must speak of a bad figure, though in the 
specimens there may be in parts tlie structure ns figured in canarkusis as 
well as that of gnineensls, and I agree with Canu in thinking we should retain 
the name mnariensis, which lias often been well described. Should other 
characters be found in guineemisj it will be open to re-eonsider the name. 

ioc. Madeira ; Canaries, 80-250 met. (Calvet) ; Florida {Smitt); Tortugas 
(Oslmm); Cape Blanc (Calvet); Liberia; Philippine Is.; New Guinea; 

* Lina, Soo« Joura,, ZooL voI« xxz. p. 289 (1909). 
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off Gape Yoricj Aastealia j .B. Fedro, 4 imd S. Galwllna,» OilSorma 
{Rob.y^ Oran (Algiers). 

Fosdl, Miocene: Aostna and HiiQga,rj' {Mamoni)i Pliocene: Orag) 
Italy, S[»in, Rhodes, Monte Mario, Rome; Pleistocene: Chtlifornia (Rob .); 
Qnatemary: Italy; Tertiary : BaMa-Blaooa, Argentine (Conti) ; Aldinga, 
'Aostralia, 

Odpularu Lowei, S%uk. (PL 90. figs. 1-6, 26-29.) 

Ot^aria Lowei, Busk, B. M. Gat. p. 89, pi. 116. figs. 1-6 (1664); Norman, "Poly. 
Madoira,” p. 290, pi. 37. figs. 7-12 (1909); Oabuni, Bry. of the Tortagas Ifiaaiti, Florida, 
p. 194(1914). 

Canon Norman kindly gave me a few spirit specimens, from Madeira, and 
of one 1 have prepared a most interesting whole stained decalcified 
paration. '' 

Looked at with the frontal membrane in foons, a nnmber of smaUiyt^ieB 
of muscles (PL 90. fig. 1) tire seen which pass from the membrane through 
the frontal {lores ; then focussing lower down, as if the membrane had been 
removed, we see what mast perhaps be called a semicircular o|)esiam 
through which the polypide protrudes (fig. 2). The zooeoia are connected 
by means of tubes in which there are septa or rosette-plates, where the 
neighbouring tubes join. The zooeoial olwmbers are seen os quite separate 
sacs. 

Looking at the zoarium from below, tiie' zooecial chambers are separated 
by a considerable space, and to aiiont tlie median line of the zooecial chamber 
there is a row of muscles which {mss from'the lowCr, surface of the zooecial 
chamber to the lower surface (fig. ^ of the zoariam. 

The muscle threads are usoally single, though oceasicmally two or three 
occur together, and there are here and there rimilar muscles to other 
parts of the zooeoial chamber. This hydipztatie system is di:fih)reut from 
anything yet recorded, and having In the .lower part of the zoarimn this 
muscular system and no basal chamber as in C. eautaientU, Bask, it seems 
questionable whether they can remain in the same genus. 

The calcareous dorsal surface, especially if rubbed down a little, shows 
short grooves, with frequently a pore At the end (PI. 90. fig. 4). These of 
course indicate where the row of bunffies of muscle oocurt The peripheral 
zooeoia on the dorsal snrfitce bare soiall gii^mlutions, but the older parts 
have elongate sli^t protuberonoes. / 

The dot sat pore and grooves occur very distinctly in Cvptdana detOkuht^ 
fossil from Yrietri, near $ipreazano, on tiie 1:^ near Pisa, in my oollectios, 
and less distinctly on fossils from San. ^.eniigiiaao, near Siena, as ireil as 
from the Antwerp Crag (all collected by i^). . ^ same slm^nre erideatly 
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ocouro also in C. Oweni, Bioak o£ the B.M. (.’at., but this may be vmlkllata, 
and it may also be seen in C. denticulata of the Crag. 

This species is innch like C,_ umbellata, Defr., but the lobed or irregular 
growth of C. Lotoei, as described by Busk and Norman, has not been 
mentioned in umheUuta, though it occurs in “ Cupvlaria de/ormis” Busk, 
HSS. in the British Museum, which however is closely allied to C. detiticu- 
hta, with the denticles very wide and solid. The zoaria grow in irregular 
shapes, often loI>ed just like C. Lowei ; and Iteuss in his manuscript after* 
wards published by Manzoni * speaks of the growth of C. Uaidittgeri, Bss., 
being excentric,'aad from the figures it has the groove mentioned as occurring 
in C. Lowei. The deformit” occurs from the Porcupine E-xpedition, 
45 fath. (B.M.) ; Tangier Bay, 35 fath. (B.M.); Has el Ainourh, 45 fath. 
(B.M.) ; Cape Sagras (B.M.), Portugal; and in my collection from Mer el 
Kebir, Oran, 50 metres ; I propose to place it under denticulata. 

The polypide of Lowei is about double the size of that of C. eanarientis. 
The frontid membrane has no trabeculae comparable with that tf Selenaria 
maeuiata, but there is a minute chitinous curve from the base of the oral 
aperture to the boundary of the zooecinm (PI. 30. fig. 1). We thus know 
Citpularia with regular, and others with irregular zoaria of the Lowei form, 
having large frontal pores ; also the same zoarial forms with denticulate 
lamina. 

Loe. Madeira (^Jiusk^, common in 50—70 fath. (^Nornian); Tortugas 
Islands, 12-22 fath. (Otburn) ; North-Carolina (^Vernll Osbxim)] Oran. 

COPULAKIA JoHNSom, Busk. (PI. 29. fig. 17 ; PI. 30. figs. 23, 30, 31.) 

Cx^mlaria Joknsmi, Busk, Q. Journ. Micrl Sci. vol. vii. p. 67, pi. 23. figs. 1-5 (1869); 
Normal), “Poly. Madeira,” p. 290, pL 38. figs. 1-0 (1909); Cano, “Bry. foss. France,” 
voL xvi. p, 189 (1917). 

Cupxdaria Jieussiana, Manzoni, “Bri. plioc. Ital.” p. (11), pi. 2. fig. 19 (1869); “Biy. 
plioc. sup. do rile de Rhodes,” Mdm. Soc. Gdol. de la France, 8t>r. 3, vol i. p. 67 (1877); 
Waters, “Bry. from the Plioc. of Bruccoli,” Trans. Manchester Geol. Soc. vol. xiv. p. 480 
(1878); Seguenza, “Formas, terz.” pp. 131, 208 (1879); Neviani, “Bri. Neoz. di alcune 
loc. in Italia,” Bull. Soc. Rom. vol. iv. p. (7), 116 (1896): op. dt, voL iv. p. 243 (19) (1895); 
“ Bri. Neog. della Calabrie,” Pal. Ital. vol. vi. p. 169 (1900). 

Dise^uttreUa do»na, d'Orb. Pal. Fr. vol. v. p. 501 (1850-2). 

Cupohana x/oma, Smitt, “ Floridan Bry.” pt. 2, p. 15, pi. 8. figs. 81, 84 (187.*^). 

The Madeira specimens, though in spirit, had evidently been dead some 
time before preservation, and externally had grains of sand adhering to tlie 
membranes, while internally diatoms were numerous, so that satisfactory 
preparations were impossible. 

^e large cells lining the zooeoial and other walls are very marked, and the 


♦ «IGec. d’Auit.” p. 71, pL 16. fig. 64 (1877). 
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embryos (nboiit 0*5 Btn>. long) .nearly fill Ibe zooseial obamhers. .^ey are 
about tbe same size as in C, Hie under snrfaee oE tlie Oran 

specimens are spinous (PL S8< fig* it), but in a fossil from Bhodes the under 
surface is uneven, rather mamiUate than spinous, and a fossil from Monte 
Mario, near Rome, is almost plain underneath* 

This was, no donbt, first metvi'ifib by d’Orbigny, who called it Di»e(^u$t<m 
ioma, but it was not figured, and the description was insn||cteni for 
recognition, though now having spedmens from the same lu(;|aliiy as 
d’Orbigny, with the ** dessous ir^s mgeux comine epineux,” we may feel 
praotioalty certain ss to the identity, though as Bosk first gave it a recog¬ 
nisable description it must be called Johntoni. 

More than one misiake has been caused through d’Orbigny creating thf 
genua DimoJUiUreUana^ with the species doma (probably Lunulitea), an^" 
DUcoflustrtlla with the species doma. 

Lot. Madeira; Mediterranean i Oran, Algiers ( Wattrs d* Cana), 

Benzert Road, Tangier, and Has el Aiuqurh, 45 fath. (all Brit. 

Fottil. Ckstelarqnato, Brucooli, Rhodes (Pliocene): Ravagnbx (.^ee.), 
Amato (A^ev.), Benestare {Seg.), Tortonian; Terreti iStg.) ; Leognan, 
GKronde, France (Burdigatien) (Canvi). 



CUPTJLAMA UMBEL1.ATA (Defranoe). / 

IjunMlitts utfMlaUt, Deftauce, Diet, dea 3&.Nat. Vol. (1823). 

LwmUtH m'eeohta, Blainville, Maa. d’Actin. on de ZoMf^^tdogie, p. 449, jd. 72. fig. 1 
(1884). . - 

XHnnytortUo umbtMata, d’Orb. Pal. JV. p. 478, Sl7, figs. l-A (186D-2). 

jyiicoponlltt fieradomt, A'Wi, hto. eA. g. fHi. f. 

ZimUitet Uaidingwi, Iteam, PitSB. Polyp. des'WW.fsn. pi^fiB,pL 7, fijis. 2«, 27 (1847). 
Cuji*dttri« MaiUngeri, Mauzwti, “Miuc. d’Aust" p. 7I (2^,$iL 10. fig. 84 (1677) ; Cauu, 
“Bry. foM, France,’' vol. xiii. gf. 12*, 126,128 (I®*): p* ^ (1918); oj». eit. vd. xri. 
p. 188 (1917;. ' 

CtijMlaritt tmheUaUt, Mauaoai, “ firi. l^ioc. Ital.” pt 1, p. 9Q(1^^ pi. 8. fig. 18 (1869) $ 
** Da del Plioc. Ant. di Oasttoearo^” p, 39, pl/6, fig. 67 (1878) j Daiitt, ** Floridan Biydsoa,” 
p. 14, pi. a figs. 75-80 (at least 79,80).<1^8); }> Ulaeki, “Pdy; ted Byd. of Ae Metgui 
Arebipelago,” Jonm. Linn. Sue. voL xxi, p. 1S8 (1887): Begaenaa, "Ters. ItegQpo.” pp. 131, 
296, 871 (1879); Calvet, Expdd. 8e. dn '1YavaiUettr''.4)t ,da ‘Talliteaa,’ vol. viil. p. W8 
(1907;; Oanu, Bry. fow. de i’Argentbie,” Ana^del Mua Nac. de Bumioi Aires, vd. xvii. 
(aer. 8, vol. x) p. 276, pi 6. fig*. 4, 6 (1908)'; “ Bry. Ibte. FTatee.” ser. 4, vol. ix. p. 448 
(190^; vol xiil p- lSO (1918); vd. xiv. p., SSS} vdi.lv. p. 888(1916); ToLxvi.p.187 
(i9i7); Kevisd, Boll. Soo. Bom. ^ gU Stud Zod. vd. iv. p. 248 (1895); • «Bri. Ites. della 
FameBBa* (p«rs), Pal. ltd. vd. i. p. 101 (1896); Otea, *'JM. fldr. de Mdm. 

Inet. lilgyptiee, vol vi p. 206 (lilfi). 

'When tiie froatid- calcareons. wit! is {ttriljr brokeh down there is 
xesmnblaaceto C. dentiealata, which.has joinetin^ csnised doo.^^oB between 
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ilietwo, but specimens of fossil umhellata from the Pliocene of S, Qemig- 
nans, near Siena (one of \vhich is flat and must have been at an}' rate 25 nim. 
in diametor, while another is more raised and is 8 innu diameter), show that 
the proximal part of the oral aperture is a calcareous bar or wall, often 
directed upwards, while near eacli end there is a small ridge or tooth, and 
the frontal wall has a row of large pores near the border, with smaller ones 
in the central portion. A part of the zoarium, not quite at the centre of the 
large piece, has a thick wall over the front with few small pores and 
sometimes with no opercular aperture. This structure is the same as that of 
the central zooeeia. 

Specimens I collected from the Antwerp Crag, and consider to be 
detUimlata, have no calcareous wall up to the proximal end of the oral 
aperture, except in u few cases near the centre of the zoarium, where there 
are 4-6 very large pores and not a row round the border. The denticles 
are lti|*ge and stout, whereas in the broken down lunhellata mentioned they 
are much more numerous and smaller. 

C. umbellata'*, as described, differs from C. Lowei in having regular zoaria 
instead of irregular and lohed*shaped ones, as well as in some zooecinl 
characters. A new genus must probably be created for C\ Lowei, C. %imheU 
latu, etc. 

Loc^ fi^lorida {Smitt) ; Canaries (Canu) ; Cape Verde Islands, 1900 met. 
{Calvei) ; Mergni Archipelago (Ilincke). 

FossiL Oligocene and Miocene : France; Miocene: Austria and Hungary ; 
Pliocene : Crescentino, Bordighera, 8iena (A. IP.) ; Rhodes."^ Burdigalian, 
Helvetian, Tortonian, Plaisancian, Astian, Sicilian, and Quaternary of Italy. 
Babia-Blanca, Argentine (Canu). 

Sklbnaria CONCIKNA, Tenison Woods. (PI, 30. figs. 7-10.) 

Seiefmria emeinno, Ti Woods, Trans. PLil. Soc. of Adelaide, vol. iii. p, 10, pi. 2. 
figs, lla-11 e (1880); Waters, '‘N. S. Wales,” p. 201, pi. 6. fig. 11 (1887); MacGillivray, 
“ Tert. Viet.” p. 48, pi. 7. fig. 10 (1896). 

At the distal end of the vibraculum there is an incomplete ring attached 
by a kind of stalk at one side of the vibraculum. This is seen in fig. 8, with 
the zoarium somewhat tilted so as to look into tlio opening. The base of the 
seta works upon this incomplete ring and the muscles ptiss through the ring. 
11 spoke of this ring in «S. condima. Busk as a tubular projection and also 
figured it. 

♦ Pergens in his ^ Bry. voa llhodos,” p. 30, gives the synonyiiis of umbelltUa, and on the 
next page aftf*r non ” gives a list of species not to be placed under umhellata. Miss Jelly 
unfortunately seems to have overlooked the non,” and in her Catalogue makes Peigens 
vesponsible for placing five of these species under wnbeUala* 

t N. a Wai< p. 201, pi. a fig. 11 (iss?). 
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The )irimary scoeeoiiim i» natrOoDilfld by five (»o<»ifi&ry sooM^ &n4 > 

ere three vibracuk, sothet we get eight chambers, whieh.is the aqio)^ ef 
earroonding zcMSoia iit so many el. tibO' group,'that it seems almost gqimr^. 
The earlier vibracula are moch ciaaller than the later ones, whiob are also 
relatively much wider. 

HaoGilhvray expresses some doubt as to whether the speoimeas .which % 
described were the species T. Woods, who d^oribed the aviotthiriaa 
obamber as having the edges etadded with very fine teeth. 1 conoladed that 
Woods* spemmetts had tl>e front broken down, when instead ol the .pores 
described by me we have irregular teeth. It does not seem tdmt thetu cun he 
any doubt as to the reeent tiiid fossil forms being the same species. 

The opesia are timeh larger than the operculam, except io tlie central 
zoosida, where the operculam is the same size as the calcareous opening. Ta 
Imnulkt* the opening is similarly opesial. 

Loe. Off Port Stephens, New South Wales, fiS fath. ^ 

Fossil. Muddy Oeek, Gellibrand, and Inike Bullenmerri, Yictoria PKicGl). 

SKMisrAiiu FUJ^OTATA, Tenison Woodis (PI. 90. fig* 7.) 

Seknaria pmetata, T. WoodSi Trans. Phil. 6oc. Adelaide|Vol.!ii. p. 9, pi. 2. fig. 8(1880 
Watais, N. S. Walw,” p. 201 (1887) j Maplestvine, |Voc. Boy. Soc. Victoria^ w.a. vol. 
p» 208| and described again on p. 2J2, pi. 24. fig. 2^1901). 

8,fme9trnta, liaswell, Proc. Linn, Soc. N.S.W. vol. r. p. 42 (1860). 

{ 

My recent specimens from Port Stephem aad from Princess Cbarbtte 
Bay, N.E. Australia, nre u ti'ifie larger, (hqa the mMsuremenis given by 
Maplestone, the zocecia being 0'3d mm. vdde attd lo||g.' 1 * called a fossil 
from Muddy Creek punrtaiUj thou^ meationtRg the idse of the aperture as 
0‘21 mm., whereas in the recent fomt it is oUly aboat 0'09-0‘14 mm. Later 
MacGillivray f placed the fossil as J\ jAtnatata ami. Cfallbd'attention to the 
large «ze of the zooBcia. . 

Maplestoue t would oa^ the fossil S, ma^pustuftekk,' thoo]g^ it is an open 
question as to wlietiter the mere differaaoe in size. A tertiary fossil 

and recent-forms is suflScient to neoessiiate a new ^p^cs. However, in 
1 wtta describing recent forms whihh are and therefore 

Mapl^tone has mode a slip in placing these nn^ ^ eynenyms of magm- 
■pii/netitta. The S.fenestrata, Hasw;, planted % the Aj»d»«!ian Museum'to 
t^ British Museum, is the magnipmcieka cd; Ifiqdestone. 

Loe, Off Cape Three Poiots (IFoodf); Holbpiiit Maud j Priueen 

Charlotte Bay, Pml Stepbnps, N.S.W,; Port Japkinm. 

’ ' ' ' ' 

* (bnwt. Joan. Owd. SiM. .ytd* umdi ^ 449 0881^. 
t Poly. yietoda,’'p.^i 
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BzhmAMA ukoVhXTA, Busk. (PI. 29. 8 ; PI. 30. £gs« 13-15.) 

For synonymA see Mios Jelly’s Cfttaiogad and add: MaeGilUvray, Teit. Poly. Vktoria,” 
p,47;^L7.%8.5,6,7(1805). 

As nieiitbned iti my Sapp. Rep. Zool. Chall. p. 38, there are spreading 
round the oral aperture, and ending somewhat lower than the operculum, 
trabecula) in the Irontal membrane, reminding us of the trubeculsB described 
by Busk in CsUaria, and which also occur in Ont/chocella angulosa^ liss. 
Busk says that the trabeculae appear to lie beneath the common epitheca 
and not to form mere thickenings of it.” Where 1 have examined them 
they seem to form part of the membrane. In Onychocella auguhsa the ends 
are raised and thicker, and seem to be for the attachment of the muscles to 
the meipbraiie. The dilSerent sha^^es of the trabeculm seem to give useful 
characters wherever they occur. The vibracular setse are spinous on the one 
side (fig. 13). 

L^v. fiolborn Island, Queensland ; Barnard Island, N.E. Australia, 
10 fath. 

Fossil. Muddy Creek, Bird Rock, Schnnpper Point, Belmont, and Cape 
Bulleniuerri (Victoria) ; River Murray Ciifis, S. Australia. 

Lijnulites cupulus, Busk. (PI, 30. fig. 16.) 

Lunulitfis cupuius, Voyage of the * Battlesuake/ p. 1, pi. 1. figs. 13,14 (1852); 
B.M. Cat. p. 100, pi. 112. tigs. 1-6 (1854). 

LufmlUes gibhom. Busk, B.M. Oat. p. 100, pi. 111. tigs. 1-6 (1854). 

tiudging from the chamber the appendage is apparently avicularian, 
that is to say it has movement in one direction only, but without seeing 
spirit specimens it is best not to speak too definitely. The mandible or 
seta is long and’large, gradually diminishing to the apex (fig. 16), and 
near the apex a stiiull branch grows from the side. The figure is taken from 
a preparation in the British Museum, made by Busk, and only labelled ** hairs 
of LunuliieSy* but comparisoii nvith the type^specimen shows that it is 
certfiinly from L. cupulus^ B. 

Tins is clearly allied to Lunulites repamtus Maplestone, and L. patelli- 
formkff Mapl. (non Marsson), but without examining specimens it is not 
advisable to say more. The fossil L. patelliformis^ Marsson % (non Mapl.) 
and />. semlumris, Marfti.§i .stem also to belong to this group. 

Busk changed the name Lumdites to Lunuiaria, a change which has not 

♦ ^ Vktoma SekmurUdsB,” vol. x?i, n.s. p. 216, pL 25, fig. 7 (1904). 

f Viet. fuss. SdeBsar,** p^ 2X6, pi. 25. fig. 6. 

} Weiss. Sdueihkmde des luBel Riigen,” Fal. Abb. vol. iv. p. 79, pi. 7. fig. 11 
(1687). 
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se«ined to me necesmrj, thoagb it might have been better in tlie first 
instance. Hon ever, the modifioaiion did not make a new gentis, so that 
under no oircnmstanoes could Lmvlitft evjndug, as proposed by Canu and 
Bassler, be the type of the genus, for being mentioned in the ‘ Cliollenger ’ 
Reports in the re<4iaiQed genus, it does not replace the tyfio, which is, 
whatever Latuouroux meant for his L, radiata, an abundant form under 
various names. 

In all probability L. cupvltu will have to be placed in a new genus, jmrtly 
based on the l(Htg sooecia and the stout seta with a rimple base. 

T»oohoi*oka, d'Orhiguy. (PI. 89. fig. 18; PI. 80. fig. 17.) 

Although I have seen many specimens of Trwhopora^ the state of pre¬ 
servation has not allowed n satisfactory examination of the a\icu}arian (f) 
chambers, nor are they shown clearly in published figures. The fossils 
readily break both along the radial and annular lines, and change of the 
slieli has taken place so that the minute structure cannot be studied. Near 
the tubes passing through the caloareous base, and also near some of the 
annular lines, the calcareous matter has become chalky, showing in section 
white against the more transparent parts. In making horizontal sections 
the radial dit isions, as in fig. 18, are seen in every port of the solhl interior, 
that is to say, there is a succession of the same structure. 

The interior of the cone is filled in with a solid calcareous mass in s|>ecies 
described as Trochopora, but 1 have not l^n able to see that it should be 
separated from Lmulitet, and finding that JL. eoniea, us described and 
determined by Busk, from tlie Oag, is sometimes solid' and sometimes 
hollow, as stated by Busk, has confirmed my opinion. Specimens 6722, 
6723, 6724, British klnsenni, are filled in below anil are solid, while 6718, 
from the lied Crag of Sntton, aie liolloit cones about the same size, with 
similar annular divisions and similarly worn. 

Id the British Museum there are also sfiecimens named by \ariouB 
oollectois Lumdiiet eoniea, many large like tJie Cm^jf Spedincus; and in 
boxes from numerous European localities tlie solid and hollow forms occur 
together. There seems ample reason fur considering that LunulUei and 
Traehc^ora cannot he separated generieally, and farther, though very difficult 
to nudoKtand, it dues not seem that a spotfiHo distinction can lie made 
betiveen those that are solid and those Uwt are hollow. Also we must see 
whether the large form,sometimes called wveolata and the small one, as 
figured by Michelin, are distinct. Further studies with freshly gatliered 
material may help us. ' 

A specimen of Seltmria nitida, Maplestone, in the British Museum has 
the under sur&o^ filled in just as in TWeAopora j however, the vibraouiar 
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cliambers are very small and narrow, and at first they were overlooked, bttt 
a few are made out clearly. We thus get this structure in two quite 
distinct groups. 

HsitlODOMA IMPLIOATA, Calvet. 

Meliodmia tinpUcata^ Calvet, Bull. Miis. Hist Net. p. 157 (BK)6); Exped. Sc, du ^ Travail* 
ieur ’ et du ^ Tidisman/ vol. viii. p. 896, pi. 23. figs. 7,10 (1907). 

In the British Musoutii there are some specimens, 1253, to which Bosk 
had given the manuscript mime Cupularia minima. They grow on grains 
of sand, shell, or portiuu of stalk, and the single spiral form of growth can 
he followed, though it is not so marked as figured by Calvet, and does not 
end abruptly. The interesting point is that the auricular process is always 
on the same side; now in the Cnpnlaridse generally there is a co*relation 
between the position of the polypide and of the vibnictilum, so that ii row 
having the iiolypido turned to the right (as shown by the caecum being to 
the right) will have the auricular process also on the riglit. In other Cupu- 
laridae there may be one, two or more rows with all turned to one side; when 
u cliange takes place, the position of both the polypide and the vibraculum 
alters togetlier. 

Although in the small specimens only a single spiral is visible I should 
hesitate to make a specific separation, though further material may make 
this necessary. The spiral growth is most interesting and perhaps nothing 
quite similar is known in other Bryozoa. 

Loc. Cape Verde Islands, 1900 met.; Canaries, 3700 met. (Calvet); 
iBgean Sea, 130 fath., collected by Sprait. 

CONESCHAKKLLIKA CANCKLIA.TA (Bmk). ("Pl. 29. fig- 22.) 

LmtiUteB cmceUataj Busk (pars), B.M. Cat. p, 101, pi. 118. fig. 5 (non (>) (1854); 
Waters, ** Biy. from Ikimsdale,'' Q. Joum. GeoL Soc. vol, xxxviii. p. 512, pi. 22. figs. 10,11 
(1882). 

Bipora eanceltaia^ Whiteleggo, ^‘Auetr. Poly.^ p. 840 (1887); MacQillivray, “Tert. 
Victoria,” p. 89, pi, 12. fig. 1 (1895). 

CmeschanUim ranceltata, Waters, ^‘Biy. N. S. Wales,” p. 200, pi. 4. fig. 24; pi. 6. 
tigs. 18,18 (1887). 

In the British Museum specimens thus named by Busk belong to three 
or four species. Specimens from Buskos own collection so named are 
C* Ofxffustata, d’Orb., of which species 1 figure a specimen (PI. 30. fig. 13) 
from China, sent to me thus named by Jiillieo. The specimen, pi. 113. fig. 6 
(as mneeUaia) in the British Museum Ckttalogue, has round avicularia as in 
C* phiUppinensU without any notch in the outer zooeoia, but the minute pore 
by the proximal end is just visible^ The cone is somewhat higher than in 
€* phil^pUimsU in my eoUection, though no doubt it is that species, as are 
also the other two email speoimens- Ti^ larger specimen on t^ same slide 
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has she haw about twice tiie diamoter of €, phitippaantit. It has stBall 
round or oval avionlaria, but the preservation is not very satisfiietory. 

The under surfaoe of C. m»eellata has some chambers with one largo poie 
in the centre of the basal wall, sometimes sarronnded by small pores, as in 
C. anpulopora, Haswell (PI. S0. dg. 21) end C.^^llar»s,Lev., while geiieraliy 
there is Uie large opening of the chamber and emaller openings round it as 
in PI. 89. fig. 22. My speoimen Is from Port Stephens, New Sonth Wales, 
and, aithongh the front surface is not very well preserved, I tlunk it is the 
same as Bosk’s large specimen, for which tlie name c.in be retained. My 
speoimen is 4 mm. at the base. 

The mistake made, when the type nas described, hy Bask led me astray 
when my New South Wales and oUiers}>eoimens were compared in the British 
Museum, in consequence the specimens then called eancellata by mo are seen 
to be plaUppinetuit. 

Loc. Philippine Islands (Buak); Port Stephens, N.S. Wales (A. W. 
co/1.). 

Fottil. Bairnsdale, Gippsland. 

CUNBSOHABBLLINA PB1UFPIMEN8IU {Busk). (PI. 29. figS. 11, 12, lU ; 
Pi. 80. fig. 24.) 

Zscmm/Am pkilippmenM, Busk, B.\L Cat. pt il p. 101, pL 118. figs. 1,2,8 (1884). 

Sipora phil^ppmensis, Whitftlegge, **Austr. l*o]ysos,” v<d ii. p. 841 (1887); MacGUli* 
vray, ‘‘Tart Poly, of Viet” p. 8», pi. 12, tig. 2 (18B8); Ut^lestone, “Bipoi*," p. .3 
(1910); Lavinsm, Morph. CheiL Biy. p. 800, 24. fig. 1 (1900). 

CMssekureUiM eancAUita, Waters (pan), N. 8. Walea,” p. 200. pi. 4. fig. 24; pi. 0. 
figa 18,18 (1887). 

> 

Tiie comparison of Busk's typcHspeeimens led me astray, on a previous 
eooaidon, ns he had piaoed more than one species niider L. ee^fwsllatd, one of 
them was C. philippineiuiis, bat more prejwiPations and more material of the 
Selenariadm has enabled me to feel more oertitin fif my position. Unfurtn- 
nately of pUUpptnenm 1 have only dry spetfiiaeils, end of all the Selenariadss 
have only seen the three spirit specimens mentioned. I have a considerable 
nninbar of philippitunsis ranging from very young spooiniens, from under 
1 mm. in diameter, up to mature forms nearly 3 tom. The aoariuin is nsnally 
rather wateh^glass shape, that is convex above and concave below, bat it 
may be fiat below; in either cose there aveenn^berof small raised avioulaiia 
with a seniidiroalar mandible in the middle df the wall of tdie avionlarian 
ohamber4 

The end torture is oral witli a siiias in the part ueMeat to the perifdiecy 
ci xoarium, there is a distinct notch in the.aeocmdary aperture of the outer 
xooBcia, end a minute pore by the odifir end of th« asal apnrtnre. Namereua 
retind nvionlaria o^r on the front of to thoee on 
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under snrfacef and typically there is one on each side of the zooecinm, and 
one below the apertnre. 

On the under side of the zoariutn there are a number of chambers (PI. 29. 
fig. 11), the youngest ones being nvicularian. Tbe^e chambers, apparently, 
must be compared with those of Cupularia canwnemh^ and are found in 
Coneacharellina philippinenns, C. angulopora^ C. cancellata^ C. fahellarii, 
(7. eanica, Whitelegge speaks (^loc dt. p. 431) of the zooecia taking Iheir 
origin from the cancellated structure, but it is now clear that the zooecia 
grow first, and from them the cancellated structure. 

The semilunar slit to which Whitelegge called attention, and which 
Maplestone has also studied, occurs in this species. These semilunar slits 
have not a definite position in relation to the zooecia, being most abundant 
near the apex of the zourium, and soinelimes several are found in the same 
circle somewhere near the apex, others in a circle half-way between this and 
the perii>hery, thus there is considerable irregularity and variation. 

In some Conescbarellinm there seem to have been radicles from near the 
apex, where there \z a considerable calcareous cap with pores (PI. 29. fig. 16), 
but this is not the case in C.philipfnnenm, in which there is no such calcareous 
growth, hut on p. 405 it is suggested that radicles grew from the semilunar 
slits, and I expect with living or spirit specimens we shall see confirmation 
of deductions made from dried specimens. However, 1 have found no indica¬ 
tions suggesting radicles, except in ConenvharelUna^ and perhaps Batopora. 

In the young philipjnnenm the under surface is flat or slightly concave, 
whereas in older ones the under surface is concave. The younger zooecia are 
very much smaller than the older ones, and the secondary apertures are also 
smaller. A figure (PI. 30. fig. 24) of a very young zoariuin is added, as it 
shows the small size of the zooecia, and also the typical position of the 
avioularia at each side of the zooecia, which is not so easily seen in more 
mature forms, us the avicularia are then more irregularly placed. 

The raised and globular ovicell, described by Whitelegge and figured by 
Maplestone, is directed towards the apex. A specimen with ovicells was 
given to me by Maplestone, but altogether only very few have been seen. 

Loc. Philippine Islands {Busk) ; Katow% New Guinea, 7 fath.; Darnley 
Island, Torres Straits, 10-30 fath.; Princess Charlotte Bay, N.E. Australia, 
13 fath.^ Port Stefdiens *‘from weeds on sandy bottom,” dredged by Brazier; 
Moreton Bay, N.E. Australia (Whitelegge in lit.) ; Port Jackson. 

F^seil. Cardies Creek, S.W. Australia ; Schnapper Point {MacG.). 

OONESCHAKELLIKA FLABELIuABlS, Levifisen. 

Cmsschareii^JkMBaris, Leviiisen, "Morph. Obeil. Bry.” p. 312 (1909). 

C^neechareUma Waters, "N. S. Wales,” p. 200, pL 6. figs. 13-17 (1887). 

(P) etegmSf Whitelejirfi*^ " Austr. Polysoa,” vol. ii. p. 346 (1887). 

tW fitly on soma Recent Bryozoa in d’Orbignj^s Collection/’* 

♦ Ajm. Meg. Kat 3st. ser. 7, vol. zv. p. 3» pi i, fig. 5 (1905), 



4S$ VB. A. W. WJkXRBS OK VHX 

I mid that the exeminaiaon of d’Orl»gD]r*s speoimeas shoved that his 
Flabellopora is nc^ vhnt I deseribed as ConetchareUina ehgm*^ and 

shtoe then jLevinsen has snggested Ute specifio name j^aMlarit (<a ^e latter» 
and I have adopted it. 

One specimen (fig. 17^ he. eit.) wbidi I figured is quite bilaininate, while 
others (like figs. 15, 16, i. e.) are much wider, so that the seetion of one 
spedmen is very much like that of - angulopora or of eomea. (PI. 89. fig. 16). 
The under, surface has ohsmbers with a large round pore in the centre and 
five or ux small pores surrounding it, just as in C. mgulopora, T. Woods 
(PI. 88. fig. 21). The aviculariu on the upper surface are small and round, 
whereas in mgulopo^ and C. eonica they are large and triangular. 

Ihe semilunar slit occurs in various places, but perhaps most often in the 
region of the u]:>ex and the border. The slit is materially wider than the 
aperture of the ordinary zooecia, which, as I have suggested before, seems 
to indicate that the slit could not be for the formation of a socecium or 
eooecial aprture. In other species there are typically a pair of avionluria 
by the slit, bni there is no rule in this species. 

Loe. Port Stephens, N.S. Wales, 7-8 fatb.; Port Jackson (fVAiteU^ffe Sf 
Lev.) 

CQKBSCaXBET.l.lirA ABGULOPORA ( Tenwon Woods). (PI. 89. figs. 6,19, 21; 
PI. 30. fig. 19.) 

UomHies mguhpora, Woods, “ Austr. Seleaariadw,” vol. iii. p. 7, pi. 1, figs. So-So 
(1880); Whltdegge," Austr. Poly spa,” vol. IL p. 343 (1887). 

LumMtes incisa, Hincks, Ann. & Msg. Nat. Hist. set. 6, vol. viii. p. 137, pi. 4. figs. 1-S. 

{kmsseheretUeatmguiopora, Levinsea, Morph. Obei}.*' p. 811, pi. 38. figs. 7 a-7/(1909). 

f Qmesekarellmo dtprMsa, Huwell, "Poly, froat Ooest/' I'roe. Lian. Soe. 
N.S. Walet," vol. V. p. 41, pi. 8. fig. 4 (1880). 

There are two very similar species from Australia, but the present one has 
the larger soana with the base of the eonp more spread ont) the zocecia and 
avioularia are also larger, the peristomes a;t the 6{dm of tlie oral aperture are 
more raised, as is also the aviculariaii chamber and beak. However, the 
most important character is furnished by the umW surface, as the basal wall 
of the oancelli has » large central perforation vrith-smaller ones rouud it 
(fig. 21), as a rule without avioularia, though J saw one case in which there 
was an avicularian bar to the larger-perforatiiai.. These fwrforuted walls of 
the eanceili are mentioned by Teaison Wupds in his angvdoporai and by 
Qasweli for his CmesehareUina depresm, an^ altliongh fiasweU’s figures do 
not correspond closely with my specimens^ &rre is the probability of both 
bmng the same species.’ The under surface of C. jh^Utmt, Lev., is quite 
similar. The semUuhar slit is hirger tthan in other spedes examin^, being 
vrider than fhe xoosoiei apertnre, whiofa vouid aeem to ehqw tiiat it is not for 
the furmathm uf a aooscial apertufe; the ^ vmj eeeur dthar in the row 
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of the zooBcia or of the avicnlaria, and often the disk of the semitnnar slit 
has disappeared leaving only a semicircular opening. There is a pore-tube 
in the wall, at the proximal end of the oral aperture, and a similar tube 
occurs in C. philippinmmy Busk, C* fahellaris^ Tjev., C, cmica^ Hasw*, and 
has been referred to by Levinsen (loc. ciL p. 309), and by Whitelegge 
(loc. dt. p. 339). 

The dorsal surface of the smaller allied form (see C. conim p. 423) has 
moderate-sized pores with usually a few small triangular uvicularia scattered 
about, though in some specimens none are found. A specimen from Port 
Stephens, which I think must be (7. cancellata^ Busk, has fairly large round 
openings at the base with smaller ronnd openings near the larger ores, 
sometimes surrounding them, in other cases irregularly placed. The base of 
C. philippinetish has numerous small round avicglaria, so that the basal 
surface of Conescharelluia gives most useful characters. Woods* figure is 
very unsatisfactory and might represent either of two or three species ; 
though from it together with the description we seem justified in using his 
specific name. McGillivray^ gives this with a ? as fossil, but it really seems 
as if both his description and figure have got in the wrong places, at least 
I cannot understand them. 

Loc, Port Stephens, N. S. Wales {Woods)^ and 25 fath. sandy mud bottom 
(sent by Brazier) ; Bass's Straits (Hinds)* 

CoNESCHARELLiNA COKICA. Haswell (non Hantken)* (PI. 29. figs. 16, 20.) 

OonenehareUina eonifia, Ilaswell, Proc, Lian. Soc. N. S, Wales, vcl. v. p. 42, pi. 3 
figs. 7, 8 (1880). 

Coneacharellina tWstf, Waters (pars), '^N. S. Wales,*' p. 199, pi. 6. fig. 26 (1887). 

In describing C. angulopora, Woods (p. 422) I have said that there were 
two very similar Australian species. This smaller one has, however^ the axis 
of the cone relatively much longer, while the larger one has the base 
relatively much larger. The zooecia and avicularia are somewhat smaller 
as is also the semilunar slit, but the most important difference is in the 
character of the base, for on the under surface of conica there are modemte- 
sized pores, with usually a few small triangular avicularia scattered about, 
though in some cases none have been found. 

I have a s[»ecimen of undoubted C, conica^ Haswell, from Holborn Island, 
sent to me by Haswell, and which no doubt was determined by him, though, 
as it is a long time since it was received, more cannot be stated. 

At one time it seemed that the name conica could not be retained, as it has 
been used in several closely allied genera, but as we are getting more 
definite ideas about the genera, there is not as much force in the objection as 
tiiere was then. 

hoc*, Holborn Island (Haswell) ; N.E. coast of Australia, 23 fath. (sent by 

l^raaier)* 

♦ Vktuiim*’ p. 46, pi. B. % 1 (1895). 
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CoKB 80 S&BS]iI.IBA OOCKBirA, Nigtiani. 

CtouMcAoraSitta teeimu, Novlni," Bri. Eoe. del Calcere numniulitko di Mmcieno pnwo 
finnae” Bed, Boo.Geol. Itid, xir. p. 12S (<1) fig- fi (189-5); Weteie, “Bstopom*p. 89, 
^e. figs. 8, IS (1919). 

Attopom amoa, S^uenn, ‘^Fomt. Ten.” p. 4S, fd. 4. fig. 10 (1879). 

BoUpora cmmo, Hentkeit (non Htswell). 

This at first was taken for JSatapora, bat the shape of the cone is the same 
as in varions (kinesohaieliinse, while sections show its relationship, as the 
interior of tlie cone is filled in by ohambers longer in the direction of a line 
from the apex to the base (fig. 8, loe. otV.). The zooecia are in irregnlar 
longitudinal lines, and are hexagonal or round, with large pores between 
the neighbouring zoceoia. The visible aperture, which is probably only the 
secondary aperture, is round or oval. Near tite apex of the zoarinm tliere are 
only small openings with a larger one at the apex, thongh this is smaller 
than the pits of Spharopora and Batopora. On other Coneacharellina I have 
often seen small openings in the secondary growth over the apexj but 
have never found a central pit. The base of the zoarinm shows large pores 
much like those of C. ronira, Haswell (PI. 89. fig- 20). Tlie ovioell is wide, 
slightly raised, and only occurs near the base of the zoarinm. 

This seems to be the only species of ConesrAarel/ina known from the 
Italian tertiaries, aud in some respects it varies from most Oonescharellinae. 

Hantken has frequently mentioned Batopora eoniea, Hantk., bnt attempts 
made by various people to find where he has described it have failed, and 
I have iu vain looked through most of his papers. Finding 8|:>ecimens 
presented by Hantken in the British Masenm (B. 3724), is therefore most 
interesting. It is conical, about 5 mm. high, there is copsidcrable swelling 
at the apex, and one of these sho^s a hollow sut roanded by very small pores, 
with larger ones over the rest of the swelling. The xoueoia have a nearly 
round aperture and smaller openings round them. One S{>eoimen is cut 
longitudinally through the middle, showing the onnoellate structure, just as 
in iny figure 8, lor. rit. The preparation re&rrpd to was no doubt made hy 
Hantken. 

Loc. Fossil: Mosciano near Florence (.d^rr.); Spiassi, Monte Baldo, 
N. Italy; between Orotte and Sarego near Lonigo, N. Italy (4. H’.) ; 
Tongrian: Antoniinina, Clalabria (Sep ) j Bi^ Pesth, Lower Clay, Szaboi 
beds (Banlken) ; a'so from Bobonthal, Festnngsberg, Klein, Hebwabenberg, 
and tiTriim (Haniken), 
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EXPLANATION OF THE PLATES, 

Pj,atk 29. 

Fig. 1. Cvtpulavia canarienMhy Buak^ X 2i>. Stained tran^verso section shoving the shallow 
central socecia fc.s.), which have grown upon some substance iemo\ed in decal- 
cidcatioii, and the large xoceria {tz ), as well as the vibracular chamber (».) shown 
near the periphery of Ihe zoarium. The lower peit of the zoaiiuni is formed by 
a series of parallel chambers dlled with granular contents and connected by 
rosette^plates. 

2. Do, do, X 200. Lower pait of chambers with contents, A and B are 

connected by a rosette-plate, whereas B and C are close together but not 
connected at this level Transverse wall (f.tc.). Lateral wall of the series (/.ec.). 

3. Do. do. X 250. Transverse section showing contents of the chamber 

and the large cells. 

4. Do, do, X 25. Transverse calcareous section showing chambers. 

5. Do, do. X 25. Decalcilied baso of the zoarium, with muscles of one 

vibraoulum. 

6. OmeseltarMna ungulopM^a, T. Woods, x2»>. Calcareous auction, showing the 

chambers at the base of the cone, ar x 3. From Port Stephens, N. S. Wales. 

7. Seiemria punctata^ T. Woods, X J2. Sho^^ing a piece from whi(‘h the central 

supporting flake has disappeared. From Port Ste])hens, N. S. Wales. 

8 Selenana tmculataf Bwlit X 12. Showing a piece of shell on which the colony 
has commenced to grow. It will be noticed thai the early central zooscia are 
very small. From Hoi born Island. 

9. Selenaria petahid^i^ d’Orb., X 0. Starting on shell, Fossil flora Wanganui, New 
Zealand. 

10. VihraceUa trapezoideOf Beuss, X 12. Colony growing on Of bit aides stellaia, 

Gumbel. Fossil from Bocca di Scie-»a, Colie Beiici, N. Italy, 

11. Conescharsllina phifippinensts, Bu^k, x 2r>. Basal view showing small chambers 

with avicularia and otheis either broken down or incomplete. From Port 
Stephens, N.S.W. 

12. Do. do. X 25. Section shoeing zoa*cia and basal cells. 

13. Do. do. X 25. Quadrant of upper surface sliowing some of the semi¬ 

lunar slits. 

14. OupuUiiia eanariensis, Busk, x 85. Shoii\lng connecting tubes to the zooecia and 

to the vibracular chambers. From Madeira. 

15. Cupularia Lauei, Busk, X 250. Chamber of peculiar body of the vihracula 

showing two small glands (y/.). 

10, CoHenchartllina contra, Ilnswell, X 2.‘5. Calcareous section showing subsequent 
calcareous growth over the apex. I rom N.E, coast of Australia. 

17. Ottpularia Johnsom^ Busk, X 25. Under side of the cone showing spinous pio- 

cessea. From Madeira. 

18. FcecAopora (fon/c/, Ddf., X12. Lower surface. From Salles (Giionde); Helvetian. 

19. Camscharttlina mgtdopora, T. Woods, < 25. Upper surface. There are two 

semilunar slits without the plate (a.a.I From off Port Stephens, 

90, VancMkarellmn cofiica, lias well, X 25. Lower surface. From N.E coast of 
Australia. 
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Fig. ComiohareUina mffukpora^ T« Woodg, X 2d. Lower eui&se. FmE Fdii 
Stephens, N, S. Wetea, 

22. ContBcharelUnu prob. Bosk, X 25. Lower surffiee. From oft Port 

Stephens, 


Plan 30. 

Fig. 1. Ou/4u/ma Loum^ Bask, x 60. Decalcified prepaitiition, looked at from the front. 
Through the membrane the bundles of muscles attached to it can be seen and 
they pass through the frontal pores. 

2. Do. do. X 60. The same preparation focussed at a lower level. The 

circular opening is showu through which the polypide pas es and the tubular 
couuectlous fi*om this opening to the neighbouring zooecia. The polypide is fitintlj 
shown in the right-hand sooeeium. 

3. Do. do. X 60. The same preparation seen from the dorsal surface. A 

line of muscles (t».) reaching down to the zocecial chamber is seen, and the poly-* 
pides are usually alternately right and left in each radial row dl tooseia. 

4. l>o. do. X 26. Dorsal surface showing pore at the end of the groove. 

6 Do. do. X 86. Somewhat pressed down, so> that the row of muscles are 

seen laterally. 

C Do. do. Lateral section; diagrammatic, showing rows of niiiseles at* 

ta( bed to the lower membrane (Im*) and to the zoccetal chamber (z c ). 

7 Sfl(*nm iff coitetmit, T. Woods, X 26. Fi om Port Stephens. 

8. Do. do. X 60. Vibraculum. 

9. Selmat m ctmeiuna^ Bush, X 26. Showing central zocscia and a few of the border 

rocecia, Fsom off Poit Stephens. 

10. Do. do. X 26. Section sliowhig doulfie expansion of a pore-tube under 

the supporting fiake, 

] I Cttpularut oamwiffwif Busk, X 26. Central sooeoia with eight sunounding zooecia. 
From Petit Tahou, Liberia. 

12 Do. do. X 16. Under surface of same with large sand grain. 

10. Seienftrut vmmlata^ Bu'^k, X 826. Portion of vibracuhr seta sliowing spinous 
fiinge on one side. 

14. Do. do. X 160. Operculum from inside showing trabeculie, and below 

the operculum two muscles attached tp the frontal membrane. 

16. Do. do.* X 86. Size for romparison wHh previous figures. 

10. Xtmi/ft/ev Busk, x 85. Vihracular seta. 

17. TroihopoTn emica, Def., x 26. From Salles; Fossil. ^ 

18. Coneschari^hna tmgmtata^ d'Orb., X 26. From China {A. W. coil.). 

10. Votmekm ellina mguloiwra^ T. Woods, x 6. Showing growth over the apex. 

20. CvneschareUma phUipptneMU^ Busk, x 86. Decalcified to show the position of the 

zoCDcinl (sc.) and aviculanau (cue.) chambers* 

21. Cnpularia canarieniVf Bu^k, X 160. Bosb of seta and front wall of the vibracttlar 

chamber. 

22. Do. do. s X 160. Operculum teen from inside together with the fronts! 
membrane showing tral>e(Hilm. 

23. Cupulmii JohmotiL, Busk, X 160* Operculfim from inside with the bordering ridge 

or irabeculfe united to the xomcial border, 

2t. CmmhitMhM x 26. Foungcolony. 
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Fig. 25. Cupularia cantiriengi^, Buslr, X 25. 0\ um in 7ooecinl chamber. Portion of remains 
of polypidp (p.). 

20. Cnpularia Lowei^ Busk> X 85. Vibriicular chamber, showing the peculiar body 
ending at the thin circle in the membrane. One bundle of long muscles, ns well 
as the short oneS; is shown. , 


27. 

Do. 

do. 

X85. 

Vibracular chamber above the zooocial chamber. 

28. 

Do. 

do. 

X550. 

Muscle of %ibraculiim. 

20. 

Do. 

do. 

X 150. 

Muscles leading to fascia, which is attached to the base 


of the seta. 

SO. (Sipularia Johmoni, Busk, X 250. Base of seta. 
31. Do. do. X85. Seta. 


32 * 
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Intboduction. 

A QUAKTBR of ti ceiitury ago Hansen (1893) originated the theory that the 
pair of appendages associated with the hypopharnyx of Macldhs and other 
Apter)gota is homologous with the maxillula* of Crustacea (31)^. The 
theory has since been raised to the status of an establi&hed fact, chiefly 
by the embryological lesearches of Folsom. In the paper in which his 
results are leeorded, Folsom (17. p. 116) stated that “The superlingum 
(inaxillula3) should hereafter be recognised as morphologically impoitant 
structure^*,, and be seniched for in even the most specialised haustellate 
orders 

Since this forecast was made lU value has been proved by reasearclies on 
the constitution of the lijpopliaryux in Coleoptera and Lepidopteia. In the 
larvas of certain genera of these orders the presence of stiuctores oi 
undoubtedly maxillular nature has been demonstrated. 

The present paper is a record of investigations whose object has been to 
determine as far as possible the occurrence of stiuctures comparable with 
inaxilluls? in the various orders of insects. In the haustellate oideis only 
the mandihulate larvse are considered. The Hemiptera, Mecaptcia, and 
Thysanoptera are not dealt with. Some attempt is made to compaie the 
form of maxillulse characteristic of difiTerent orders and, where enough 
material has been available, to study the distribution and vaiiation of these 
structures within the order. 

I wish to express my gratitude to Professor S. J. Hickson, F.B.S, who 

* My attention has recent^ been called to the fact that Lubbcck m bU monograph of 
theTfajaauoza and ObllembotaTeoogniees the maxillolse as appendicular stiuctures, referring 
te them as “ a second pair of maxUlta.’* 
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has kindly allowed me to work in the Botomolo^col Labon^ory a£ ti^e 
ITniveraity of Mancbeater. 

I find it iinpoasilde to express how greatly I am indebted to Dr.-A. Du 
Imins for the invaluable asaiatance he has rendered in innumerable ways. 
To iiiin I owe the auggeation of the snlgect of invesiig&tion. I »m glad to 
have this opportnniiy of thanking Dr. Inmia for the iiqmenae amonni of 
tronble he has taken in the fnrtheranoe of this work. 

Terminoh^.-^Folaoin in 18^99 fumiahea a complete list of the Tarioua 
terms employed up to that date to designate the hypopharynx and maxillulse. 
To these latter terms, proposed by Hansen, be objects on the grounds that 
they imply unproved homology. He proposed to call the median element 
of the eompimnd “ hjpopharynx ” the “ lingua,” and its lateral appendages 
the snperlinguse.” His objection to Hansen’s terms can no longer hold 
after his own proof of the correctness of the assninptiou of this homolc^jy. 

Investigators on the morphology of the mouth-floor in Endopte^gota 
speak of the median portion ns the hypopharjnx and the lateral lobes pro¬ 
jecting from or situated upon it as maxilluln. These terms possess the 
advantage that they are free from the possibility of confusion .ifrith others 
nsed to designate portions of the labinm. They will tor these reasons be 
employed in the present paper. 

APTEKYGOTA. 

Maehtiidce. —The maxillnlse are figured by Oudemans (86) under the name 
** ParagloBsse.” They are described in some detail by Hansen (81. p. 31). 
They are, he says, independent of the hypcipharynx near the base of which 
they are articulated to the skeleton of the head. He notes the ** small single 
jointed palp,” and observes that each appendage shews, towards the tip, a ten- 
deni^ “to cleavage into two lobes. A detailed figure is given by .Oarpenter (6). 
He refers to the “ spicules, ridges and pits” which occur on their surface, 
and states that the outer lobe of each is drticuliated with ^ basal solerite. 
They have, he says, “ aU the appearance of a reduced pair of jaws.” 

Petrobiua sp.—P. ouAemana, Carpenter (?). Tbe h«uiless remains of the 
specimens were kindly identified as far as possible by Professor G. H. 
Carpenter. Since these appendages me in iftnihUidee in a less rudimentary 
condition than in any of the other insects , oonsideried in this paper, tlieir 
structure in this species has been studied V^th some care. Observations 
mode on simple dissections were supplemented by examination of pre¬ 
parations treated with p^id^ssie hydrate, ahd otiiers, whieh in addition were 
stained with acid fnchsim ‘ . 

The maxillulse, whl(di lie between the tnaod*!^^*) first maxillas, ate seen, 
after the removal of these pairs-of jaws, to sh^d #>« of ^ Aionth, 

, above tlie base ^j^e bypopher^g.. bi^a tltey iobeonre aJl hot the 
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extreme tip. PI. 81 is drawn from a preparation in which the maxiUulse 
were pressed apart so as to expose the hypopharynx. This latter measures 
*56 mm. in length. The length of the left maxillnla is *59 mm. and its 
greatest width 1*9 mm. A pair of long peduncles {p*e.) support the 
hypophyarynx. 

The cavity of the maxillula was found to be undivided; the sutures 
separating the lobes consisting of no more than ridges and grooves in the 
upper wall only. Of these ridges, that which marks off the outer lobe, arises 
beyond the palp. At its base is the rounded, chitinous structure (a.) sug¬ 
gestive of an articulation. A short distance behind the apex of the itmer 
lobe there projects from the depression between this and the outer lol)e the 
carious structure (/i), armed with six curved teeth, which point towards the 
surface of the maxillula ; the portion of the palp (|>.) beyond the lateral wall 
measures *14 mm. in length. 


Text4g. 1. 



Campodea luhbocki. Dorsal aspect. From a preparation stained with acid fuchsin. 
Pressun has been applied and the maxillxilte are displaced outwards, x 250. 
a. Articulation of maxillula. 4. IIypophar>'ux. »i. Maxillula. s. Supporting 
skeleton. 

Campodem .—In his paper on the Oampode®, Meinert (33) described the 
lingua and paraglossaj of Japyx and .of Campodea. The lingua, he says, is 
small in the former genus and the paraglossse large and bilobate. In the 
latter the appendages are large and flat, entirely covering the dorsal surface 
of the oval lingua. Hansen (21) states that the two genera are closely allied 
as regards the structure of the mouth-parts. He agrees with St. Traunfels 
that in Japyx the inaxillulse consist of an inner lobe, an outer lobe, and 
a three-jointed palpus. In dealing with these structures, in Lepidocampa 
fimhnatipee Qarpenter (8) states his belief that this outer lobe and palpus 
were rightly referred to ttie maxillss by Bomer in 1908. 

Specimene of Campodea lubboeki (Silvesiri) (for the identification of \vhi(‘h 
I BID;,indebted to B.^Si„$agnall) were collected at Fallowfield, Manchester. 
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SPbe struutare of the faypophajrj’ox and igouixillalsB is illoatratod in text-fig. 1. 
IKjo hj^popfaarjnx mensuro^ *09 nini. in lenglli uud ’12 mm. in ^roatoad 
breadth. In its natural condition it is almost obscured by the maxiilnlcB (m.)» 
which are artionlated at (a.) to a sboit branch ol the skeletal support (s.). 
They are laminar, and can be removed entirely fiom the hyimpharyux. The 
distal portion is tiiangnlar and the pointed apex famished with sharp teeth 
directed inwards. Tlie dot sal suiface is covered with setae, those of the 
anterior and inner aieas being borne by scales airanged in rows. Each 
moxillula measures 'll mm. in length and '05 in total width. 

Hansen (21) states that in the stmciuie of the hypopharynx 
Lep%$ma stands between MaeMis and the Orthoptora. His stiitement is 
referred to by Carpcntei (8. p. 13), who deseiibed the tongue of Jsokpisma 
and the inaxillulsc borne by it. These latter have ‘‘a roughened apex, with 


Text-% 2 



lA^ima uMiharma Dorsa] aspect of tongue. A. Hypopbaiynx. m. Its maxillular surface. 
j> e. Peduncles. * I^ongitudmal lulge ma^ng tuner edge of niaxiUula f. Anterior 
tranaseise bai of skelital t^stein 

fine short biistles,” and theie is “no differentatiou into lacinia and galea.” 
The tongue of Lipisma sacilMrina (text-fig. 2) is a broad membranous 
structure closely applied to tbo surface of the labium. It is supported distally 
by a system of scleiites, composed of elements corresponding to those of 
Isolejdtma. The width at the base is '2 mm. and the distance from the 
transverse bar (U) to tbo anterior edge '12 mm. The maxillulse have become 
completely Insed nith the tongue, of the upper surface of nhioh they form 
the lateral portions, being separated from the median scaly portion by 
longitudinal ridges (n). 

Collembola. —liaxUlnlss appear to be pesent in all Collembola as a pair of 
delicate lamellse intimately associated witij ibe hypopbavyax. A frequently 
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oeenrring featare is the presence of a fringe of toothJike projections or of 
setas along the inner margin, 

Isotama paluatris wiis regarded by Carpenter (6) as possibly one of the 
least specialised Oolleinbola. He described at the apex of the maxillala an 
indication of cleavage into two lobes. Of the Achonitidse Anunda mantima 
is the subject of Folsom's well-known work of 1900. Heference has already 
been made to his conclosions with regard to the nature of the snperlinguss. 
An exact account of their structure is to be found in the Monograph 
of Imms (94). 

DBRMAPTEltA. 

Forjicula. —In his paper on Flemimenis taljwUhs, Hanson (22) devotes 
considerable attention to the hypopharynx and inaxilluho nhicli ho describes 
and figures in detail (pp. 70i 71, fig. 10). 1 have also been able to examine 
the hypopharynx of specimens of IJemiments luinsem^ Sharp, kindly deter¬ 
mined by Professor C^arpenter and collected by Dr. J. W. S. Macfie at 


Toxt-hg. 3. 



Fotfiev^a mmcularia Dorsal aspect of tongue. X 80. h JRi ush-like scleiite, / Afejm- 
metrical fold in dorsal wall of li}|>opliarynx. h, Hjpophaijnx. m MnAilluln. 
n Chit I nous plate m inferior wall of pharynx, p, TransTerse skeletal bai. 
p m, Ohitinous rod in outer wall of maxillula. s. Small sclerite. 

Accra, Q-old Coast. I found it essentially similar to that of Forficida. The 
main differences concern the degree of fusion of the mnxilhilse with the 
hypopharynx, and the details of construction of the transverse elements of 
the skeletal support. 

We find in Forficula a roughly obloug tongue (text-fig. 3) lying above the 
labittm. It is produced distally into a median (A.) and two lateral (m.) mem¬ 
branous lobes, corresponding to the hypopharynx and maxillulse respectively 
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of Hemmerus, aUhongh oach is considerably shorter in proportion lo its 
width than nre the corresponding organa in this latter genus. In one adalt 
specimen they nieasure-l *02 mm. in lengtii and their width at the base was 
•02 mm. Tim hypopharynx extended beyond tlie level of their bases to a 
distance of *03 mm. and its greatest breadth was *07. 

Proximally the floor of the month bears the pair of asymmetrical 
solerites (n.) from the side of which the plates (e.) extend downiivards to 
he closely assoeiated, at their ventral extremities, with the inner angle of 
the mandible. These sclerites have an exact counterpart in //. Itauieni, Sharp, 
althongh in the latter case there is no sign of asymmetry. Anteriorly we 
find in Forjieula a chitinous arch consisting of two asymmetrical sclerites (p..], 
the small piece («.), and the enrions setiferous median sclerites (i. j, which will 
be referred to when we come to consider the Fsocidse and Mallophaga. In 
this position in H. hanseni. Sharp, however, we find only a single slender 
arch of ohitin immediately above which the maxillnlse arise. 

In all the specimens examined the dorsal wall at the base of the hypo* 
pharynx exhibited a tendency to form the curved fold (/.) whose apex lay 
considerably to the left of the median line. A similar fold at the base of the 
left maxillula gave this organ a bilobed appearance. 

The ventral surface of the tongue is stiffened by a coniinuons plate of 
yellow cbitin. This plate extends forwards to a short distance behind the 
base of the hypopharynx. Tt is associated at Its anterior lateral corners 
witli a slender ebitinons rod {p.m.) which supports the external wall of the 
maxillula. In this position I found a more'plate-like sclerite in H. hanseni, 
Sharp. 

It is probable that Forfietda is derived from a form in which the 
hypopharynx and its lateral appendages origifiated as far back as the 
transverse sclerite. Such a condition would resemble more closely that of 
Hendmerus. Tliis supposition is supported by the presence of a faintly 
marked suture (y.) extending back from the, inner angle of the left maxillula 
to this skeletal bar. 

ORTHOFEERA. 

Folsom (17. p. 115) gives an account of the hypopharynx of Orthoptera. 
The lingna he says “corresponds exactly with the lingua of Apterygota.” 
He finds that the chitinous supporting stalks desorihed by Miall and Benny 
are comparable to those in Apterygota. In Melanopus femoratus, Folsom 
discovered‘‘snperlingaa3” as “large dorso-late»aI rounded lobes intimately 
united with the lingna.” He notes the evidence of the presence of lingua 
and superlingnm in Packar)i’s figure of Anaims, Packard (88). The tongue 
of Blattidse is desorih^ by Mangan (88. p. 3, pi. i. fig. 1). “The free tip,” 
be says, “ is furnished at the sides with a pair of elongate plates (Z) whic^ 
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carry bristles, and are continnons behind, as thin rods, ronnd the opening of 
the salivary duct; • . . The position of .., (Z) is conformable with the 
idea that they may represent a paii of maxillulae.” Schiinmer (39) describes 
the hypopharynx of the Gryllid Mt/rmecophila. On the ventral surface are 
borne a pair of elliptical plates covered with fine setso, Mjoborg (34) has no 
hesitation in boiuologising these plates with the so-called lingual glands ’’ 
associated with the hypopharynx of Psocidso. The nature of these latter 
structures will be discussed below, but here it may be remarked that 
Enderlein (15) regards them as maxillulae. 

EPHEMElllDJ^]. 

As the well-known figure of the lingua and siiperlinguse of Heptagema 
Vayssifere (45) makes evident, these structures attain a very well-developed 
condition in the Ephemeridm. No attempt had at that time been made to 
hoinologise the lateral appendages with maxillulse. Vayssicre was, however, 


Text-fig. 4. 



Chloeon dipterum. Tongue of n^inpli. X 90. a. Articulation of inaxillula. h. Hypo- 
pharynx. tn, Maxillula. m,p, Plate in ventral wall of maxillula. p. Transverse 
eclerite at base of maxillula. r, eu Setose ridges at base of hypopharynx. 

so much impressed by their appendicular appearance that he proposed to 
regard the Ephemeridse as insects provided with a secondary labium, con¬ 
sisting of the median “langue” together with its “deux appendices.'’ 
Eaton, in his monograph of 1883, figures the “ tongue ” and “ paraglossjc ” 
of the nymphs of a large number of Ephemeridse. Though the hitter organs 
show considerable variation in size relative to the former, they are never 
wholly absent. Hansen (21) refers to them as maxillula). This view of their 
nature is supported by the figure of the head of a young larva of Ephemera^ 
ill which Heymons (23. Taf, ii. fig. 29) clearly shows that they are originally 
distinct from the hypopharynx. From his description (p. 22) it is evident 
that Heymons regards the appendages as lateral portions of the hypopharynx. 
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Folsom (17. f/lie) is <^vm«od of tibeir homology with the liiigii» tt»4 
Sttpwliogoas of Awwridaf which in a cOPtein stage of their devolopmoBt hear 
a great resemblance to fieymmis’ figure of Ephemera, 

CUoSon dij^ttum, —Th© oval hypopharynjc (text-fig. 4) ineoeures *3 mm- in 
length and *21 mm. in breadth at the widest part. The roaxillalm (m.) 
resemble this structure in shape and size, and in the membranous natnre of 
their walls. Each measures 'SS mm. in width and extends *3 mm. beyond 
the sclerite (j>.). Each masdilula is supported ventrelly by a curved cbitinous 
plate (m.p.), whicb is proximally merged with the cbitinised posterior portion 
of the wall of the faypopharynx. 

The. inner edges of the maxillulse are continuous with a pair of convergent 
setose ridges (r.), which extend backward along the upper surface of the 
liypopliarynx. Outside these occur a second pair of ridges (ei.) also bearing 
seise, whose distal portions lie on the upper surface of each maxillula. 

PERLAHIA. 

Packard (36) describes the faypopharynx of Perlidae as “on unusually 
large tongue-like mass nearly filling the buccal cavity.” I have examined 
this organ in the adult of a species of Perlodes closely resembling P. disftar, 
and find that it answers to the above description. No signs of maxilluloi 
were discovered. 

The larv» of the two snb-orders PUeopiera filipaljm and PUcoptera seti- 
palpia Klapalek (37) are distinguished by the structure of the labium. This 
in the former group is apparently lets spei^ked than in the latter. An 
examination of the hypopharynx in the twO genera Leuetra and Eemura of 
the Filipalpia and Perlodes, CUoroph'la, and Perla of th© Setipalpia suggests 
that the form of this organ offers a further distinction 

Nemura ,—In the larva of an undetermined species of this-genus the hypo- 
pharynx (text-fig. 5) is a much-rounded structure convex dorsally. The 
surface is thin and membranous. Tt measures 'Id mm. in longth and *2 mm. 
in width in a specimen witli length of abdomen 2*33 mm. From its dorsal 
surface pro^ct two large lobes (m.) raeasturing '09 mm. ih kmgth iind *05 mm. 
in width, which extend laterally soim distance beyond the hypopharynx, and 
whose cavities are confluent with that' the latter. Yentrally a cbitinous 
plate (pjm.) supports the free portion of ee^ kibe. Proximally the dorstil 
snrfaoe of the hypopharynx (or ventriU wall of itbe pharynx) bears a pair of 
setose ridges (r.). Each ridge is distally oontinuous with the inner margin 
of the lateral lobe. Thus Ihe positum of t^ase ridges agrees strikingly with 

* The ffioly tMcas of nuudllolsa associated witii the Viaige fiaihjr tongae of larval Setipalpia 
wei»xpidr4^vw7Biuafi8eiiife]ioaslobea,‘bntiDihe$l^is^piathese«tgia»wne ht^mi 
well developed-aad liiailar ia hotii geae» 
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that of a aitnilar pair which have been described in Chloeon, if we regard the 
straotares \m.) as the homolognes of the maxillaltc of this Ephemerid. 
Further comparison gives additional grounds for this assamption. The 
lateral lobes are in both cases fused with the hypopharynx on its dorsal 
surface. They extend beyond it laterally. In both cases they are supported 
ventrally by a ohitinous plate, and a transverse bar of cbitin (text-figs. 6 
& 7) marks the line of junction to the upper surface of the hypopharynx. 

The difference existing between Nemura and Chloron in respect of these 
organs appears ftierefore to be concerned merely with the degree of fusion 
of their adjacent surfaces. 


Text-fig. 6. 



Nfmttrn sp. Tongue, drrso-lateral aspect. X 260. A. Hypopharynx. m. Maxillula. 
p. Transverse sclerite at base of maxillula. ;>.»«. Plate in ventral wall of maxillula. 

PSOCID.® Asn MALLOPHAGA. 

The tongue of Psooid® (text-fig. 6) and Mallophaga boars a pair of oval, 
or sole-shaped, structures (;|>.) as to the nature of which oonsidernble con¬ 
troversy exists. They were described by Burgess (6) in the Psoeid® and 
formed “lingual glands,” but Burgess suggests that this term might not 
correctly express their nature. The chitinous cord (c c.) proceeding from 
each, which unite, and pass backwards as a single cord, to be attached to the 
“bonnet-shaped ” skeletal structure (o.».), are referred to as “ ducts ” of these 
glands. Among later writers this interpretation has been followed by 
Snodgrass («) and Shipley (41). The “glands” are, however, considered 
to be diitinous ttiiokenings of the hypopharynx'by Grosse (19), Mjoberg (84), 
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and (/ummtBgn (10). Eodarloio (IS) expressed the opuiioQ the ''g^nds ** 
are appendage homologoits with the mexillalee of OoUemboIa, wMle 
Berner (4) calls them the fnltnrse or liqgiial stalks, and sajs that the 
maxillm are represented by a pair of membranons lobes attached to the tonga*. 

The month-parts of British Psooidse are, owing to their minnte siae, 
exceedingly difRcnlt of dissection, bat, through the kindness of Dr. Imms, 

Texi'fig. 6. 



lAige Psoctd. Tongue, donel sspect. The pistes m. and «htd]]M>us cord e.e. are seen 
through the membranous dorsal surface of the hypopharjmx sod maxillula. X 2*S0. 
b, Brush'like sclerite. e.e. Cbitinous cord “ duct.”. A Hypopbatj'nz. /. Lobe 
of hypt^aiTnx. »». Maxilluler lobe of hjpopbaryax. j>. Ohitinous plates" lingual 
gland.” O.S. (Esophageal sclerite. is.m. Sclorite risbg ^om apex of plate (p.) and 
aasocisted with m. t Tendon. 

1 have been able to examine specimens of a r^ey large species which is a 
native of India. The hypopharynx, whose walls are of very delicate mem¬ 
brane, is figured (iext>fig. from the dorsal surface. The ventral wall is. 
thiokeoed lateratty to form the paired, convex, sole-shaped plates of yellow 
chitin (p.) (seen 1^ transparency), the sc-oatled “ liagtail glands.” The sise 
of the-specimens made it possibte to ^ssept put ^liyppphatytix and opmi np- 
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the dorsal wall, so that there was no doubt at all as to the exact position of 
these plates. Chitinoiis selerites and (s,p,2) connect the outer edge 

o£ each with the upper surface of the hypopharynx. Distally arise selerites 
(s.m.) reaching to the apices of the delicate lateral lobes (m.). These lobes 
bear the same relation to the hypopharynx as do the maxillce of Forfimlaj 
and it seems highly probable, as Borner (4) suggested, that they represent 
these appendages in a somewhat modiiied condition. A pair of membranous 
lateral projections (/.) arises behind them and may possibly represent a basal 
lobe of the maxillulse. 

Attached to the base of each plate (/>.) are the forks of a strong tendon (t.), 
whose presence strongly suggests that tlie chitinous structures associated 
with the hypopharynx are mechanical in function. 

In order to settle the question whether or not gland tissue is to be found 
associated with the plates (jr?.), nymphal specimens of a small British species 
of the Psocina group were sectionized. The fixatives employed were Carnoy’s 
fluid (cold) and Gilson’s fluid (hot), and the sections were stained with 
Heidonhain’s iron hseinatoxylin in some oases and Grenacher’s hs&matoxylin 
and oosin. The tissue lying between the plates and the upper surface of the 
tongue >vas indistinguishable in structure from that seen in many parts of 
the other mouth appendages. In transverse sections through the tongue no 
histological difference could be detected between the median portion and that 
lying above the plates. This investigation, therefore, lends support to the 
assertion that those latter structures are not in any way glandular or asso¬ 
ciated with glands. They are to be looked upon as thickened parts of the 
ventral wall of the tongue, which may possibly have originated as lingual 
stalks, or as the basal portions of maxillulm which have become incorporated 
into the hypopharyiigeal wall. 

NEUROPTERA. 

Raplddia .—Adult forms of a species of Raphidia were examined and in 
them the hypopharynx revealed some features of great interest. Text-fig. 7 
(p. 440) represents the labium and floor of the mouth as seen when viewed 
from the dorsal surface; (p.) is the labial palp and (/.) the bifid, dorsally flexed, 
extremity of the single median endite borne by the mentuiii, See Westwood 
(46. pp. 45-56). Tile opening of the salivary duct occurs above the labium 
and ventral to the median fleshy projection (A.) in the floor ef the mouth. 
This rounded lobe I regard as the hypopharynx or its distal portion. It is 
almost obscured by two others of similar membranous texture (oi.). Each 
lateral lobe measures *14 mm. in length and ’ll mm. ir width. In texture 
aftd ,^relative positions these three lobes bear a decided resemblance to 
the median hypoplmrynx and lateral muxillulce of For/icula. Since the 
Neuroptera are amongst the less specialised Endopterygotu it is possible 
that a true homology underlies this similarity. 
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In th« Inrvffl of S&alit and Chrjf4opa the hypopharynx was not fonnd to 
boar any distinct indications of maxillulto. 

Bialit .—The labiam of the adult Sialii is described by Westwood 
( 46 . Tol. it. p. 50). He states that the tme labiam, “lignla,” does not 
extend beyond the patpi but isinternally dilated.'' Packard (S6. p. 73) 
describes the lingna of Sialit. It is, he says, short rounded and little 
developed. He notes the presence of sensory Itairs at the edji'e similar to 
those borne by threads of the maxillary and labial palpi. 


Text-%. 7. 



Stythidia sp. Tongue, dorsal aspect X 90. a-w. Chitiaous bar arising from mentum, 
h, Iljpopharyns. 1. Ugnlo. m. ICaidUula. p. Labial palp. 

In text-fig. 8 (p. 441) this slruotnre together with the hypopharynx (A.) 
is shown as viewed from Imfore. (1.) is the anterior border of the labium 
(ligula). At each side the labium is connected internally to the palp (jp.), 
with a large ronnded lobe bearing small fine setss and at the end a row of 
long stiff hairs: apparently those referrpd to by Packard. Viewed from 
the dorsal surface these lobes present touch the same appearance as the 
similarly located structarcs in iiap/ttdia. They may therefore be maxillulss. 
This view as to the&r nature is based partly on tic fact that here as in 
Baphidia their textnre resembles that ol the mouth'fiaor and differs Arom 
that of the “ ligula,” 
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Jlemerchius .—The appearance of the mouth-floor of an adult specimen of 
HemerMua sp. as sceii from the dorsal surface is illustrated in text-fig. 9 
(p. 442). It is seen that from the membranous hypopharjnx (Ji) arise a pair 
of lateral lobes (m.), the surface of which, like that of the bypopharynx, is 
covered with minute setee (not shown in the figure). These lobes are, 
according to my interpretation, maxillulse which have assumed a somewhat 
ventro-lateral position with regard to the hypopharynx. 

Later a fresh specimen of Chryaopa flava. was examined. The labium and 
hypopharynx resembled those of Ilemerohius in general characters and also 
in their relative position. Prominent lateral plates were present at the sides 
of the hy|)opharynx, entirely clothed with long fine setm. They could be 
reflected outwards to a considerable extent. 

It was hoped that investigation of the hypopharynx in larval and adult 
Neuroptera iniglit throw light on the origin of the condition in which it 


Text-fig. 8. 



Slalk lutuarin. Labium and hypopharynx viewed from before, h, Hypopharynx. I, Ligula 
of labium, w. Maxillular lobe, p. Palp. 0 . 9 . Opening of salivary duct. a. Setae 
bordering maxillula vontrally. 

occurs in some of the mandibulate forms of Endopterygota. Now, let us 
suppose that the labium of Forficula were so reduced as to bear but a single 
median endite, and its sides fused with those of the tongue. The resulting 
structure would bear a distinct resemblance in constitution and appearance 
to the condition in Raphidia^ These considerations suggest that in the latter 
such redaction and fusion have taken place. The inaxillulac in Forjieula 
would, moreover, occupy precisely the same position with regard to hypo¬ 
pharynx and labium as do the lobes (m.) in Raphidia. It is therefore 
probable that these latter are wholly or partially the persistent maxillula?. 

In a later {lart of the present paper I have attempted to demonstrate a 
linn. jrOTJRN*—ZOOLOOY, TOL, XXXIV. 33 
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close correspondence between tbis eonstfuction and arrangement of tbe hjpo- 
plnirynx and labinm in a Tetithredian larva and that of Skit*. I have 
further suggested a poasibie mode of derivation of the condition in larval 
Lepidoptcra and Trichoptera from one leu spemadised sncb as we found in 
larval Tenthredinese. If there is any fonndatbn for snggutsons then 
the Nenropterons types studied have ajSbrded some elae to tibe mode of 
development of the highly specialised Ialno>hypbpharyngeal straetnre of 
liopidoptera from the free toiigne and generalised labium of Forfimla. They 
have, further, made it apparent that the possession of a pair of lobe-like 
projections is a feature of the bypopharynx in the Nenropterons forms 
studied. In dealing with the Tenthredinese, reasons are given for aunming 


Tttxt-flg. 9. 



JETemerotitw sp. T^tbium and hypopbarj-nx, donal aspect. A. Hypopbaijrnx. 

/. Dorsally flexed ligula. Lp. Latnal psJp. m. MaxiUula. a Sclerite 
auj^orting hypopbatjiix. 

that the corresponding structures (»i.) in that family are homologons with the 
maxillae of Lepidopterons larvse. I snggest, tiierefore, tliat in Neuroptera 
we find a condition of hypopharynx and inaxillulse intermediate between 
that of Forfieula an^ larval Lepido]deva. 

COLSOFTSBA. 

♦In the larva of Helodet Ciarpenter ffcOcweil (9. |^. 378^) have 
described astd fignreda |«ir of ai^cdi^.>^peird^ one at esidb side of 
the hypopharynx. ' '' ■-. ,, 
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UomologoBS ihongh reduced. structures were found in Dascillua, These 
again were represented in a further reduced condition in th'e larva of the 
Lamellioorn Geotrupet. In a similar situation on the left side of the hypo> 
pharjrnz of the larval Phyllopertha occurred a very small lobe bearing teeth, 
a scarcely recognisable inaxlllula. In each of these cases it appears that the 
hypopharyn* is membranous and is supported by a system of chitinous 
sclerites. It covers almost the whole of the surface of tiie labium to which 
it is fused or sutured in front. Of a totally different character is that of 
the larval Pterostictmg described by Carpenter (7. p. 213, fig. 6). Tlie 
anterior border is here broad transversely, set with long seta; and not united 
to the labium. Where this border comes into close proximity to the base 
of the maxilla it bears a small setose projection. This is regarded as a 

Text-iig. 10. 


- i. 


Nebria brevicoUit. Ilypophai-ynx and labium, dorsal aspect. X 90. 
h. Ilypopharynx. 1 . Labium, m. Masillnla (left). 

maxillula, agreeing as it does in position with the process described by 
Magan (1912) in larval Dytiscidee. 

This latter type of hypopharynx I have found to occur in a modified form 
in larvae of Staphylinidse, ElateridsB, and the Malacoderra Telephonis litur- 
atu$. In other larvae examined, Coccinellidae, Tenebrionidae, Chrj'somelidse, 
Cerambycidae, and Ourculionidee, the structure was of the soft membranous 
character supported by sclerites. In the former group the labium extended 
considerably ^yond the hypopharynx, and was not fused therewith anteriorly 
as was the case in the latter group. 
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In the Carabid, Nehria hrttMlit (textrfig. 10), the laml hypoplwrynx (h,) 
is produced at the corners into two prominent lobes (»».) identical in position 
with the maxillnlm of Pteroitielms. Apparently they are homol^gons nitll 
these appendages. Each measured *09 mm. in width, and the combined 
w'idtb of maxillnlie and hypopbarynx was '(> mm. No distinct sntara 
separating the inaxillula from the bypoph.aryox could be detected. The 
maxillulso here were more prominent than in the larvse of Pttrosiiehm and 
Carabut violaceug which were examined. 

In various larval Elateridsa the hypopharynx woe examined and great 
uniformity of construction was found to exist. 

The condition seen in Campyltu linearis will serve to illustrate the type. 
The hypopharynx (text>fig. 11), which is of stiff chi tin, is supported by a 


Text-fig. 11. 



Campyha Iweari*. Labium and 
bypophoiynx, domal a.<>pect. 
X 90. h. Hj’popharynx. 

/. Labium, m. Moxillulo. 


Text-fig. 12, 



Anatit oetUrtla. Labium and. hypopbarynx, 
donal aspect, x 65. a. Anterior skeletal 
system. A Hypophaiynx. l.p. Labial palp, 
m. Sfoxilliilo. p. Posterior skeletal system. 


stronger transverse ebitinous plate. Its anterior border is independent of the 
underlying surface of the labium. It bears a p:iir of triangular plates (m.), 
measuring at the base *05 mm. These I regard as vestigial maxilluhe from 
considerations based on a comparison with ^ose of Pterostiehm. The com¬ 
bined width of the hypopharynx and nuixUlulss is *24 mm. Each of the 
latter carries long, fine hairs which are mingled with similar but shorter 
hairs borne by the labilim and by the basal portions of the mnxillm. 

The larva of Telephorus lUuratus is described by Miss 0. M. Payne (88). 
From pi. 2. figs. 14,15, in which the hypopbarynx is shown, it seamed that 
this structure was very similat to lhat of Elateridse. Examination of the 
mouth-prts of a specimen confirmed t^B;^s^positiDii. I discovered hidden 
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by the long hairs which clothe the hypopharynx and labium a pair of very 
minute triangular projections situated at each side of the anterior border o£ 
the hypopharynx. 

The similarity in character of the hypopharynx and maxillulss and their 
relations with the labium in species of the Oarabidsc, Dytiscidse, Elaterida}, 
and Malacoderinidse gives support to the conclusions reached by Gahan (18) 
regarding the affinities of the Coleopteran families. This author states that 
the AdephagR) including the Oarabidae and Dytiscida?, is the most primitive 
group of the Ooleoptera^ and that the Malacoderms are a primitive family 
of the Polyphaga, and gave rise to the Elateridse to which , they are closely 
related. 

I am indebted to Dr. Imins for specimens of the Coccinellid larva, Anatis 
ocellata. The hypoiiharynx (text-fig. 12) possesses a membranous, greatly 
convex, surface covered with minute spines. It is strengthened by an 
anterior (a.) and a posterior (p.) skeletal system. Supported in the angle 
between the two anterior arms of the latter arises on each side a rounded 
lobe (m.). Each measured *11 min. in width, and.the greatest width of the 
hypopharynx is *32 mm. These paired lobes may be compared in form 
(though they do not bear spines), and position upon the hypopliarynx with 
the vestigial maxillute of Geotrupes. 

A condition very similar to that last described was met with in the larva 
of Doryphora decemlineata where, however, the lobes were of much larger 
extent, practically covering the surface of the hypopharynx. 

The hypopharynx in Tenebrio mollitor and Otiorliynelms svlcalas found 
to possess indefinite paired dorsal lobes, which, however, could not with any 
certainty be looked upon as maxillulm. 

LEPIDOPTERA. 

De Gryso(12. pp. 173-179) records the results of exhaustive investigations 
on the hypopharynx in a large number of Lepidopterous larva 3 . On p. 174 
he makes the generalisation that in larval Lepidoptera the inaxillaUc 
“essentially present the appearance of protruding fleshy lobes, covering 

the floor of the buccal cavity wholly or in part only,. These lobes 

are generally clothed with flexible lashes, with hairs or with rows of strong 

spines. In many instances the lobes are also furnished with chitinous 

blades.A feature common to the types described is the presence 

of a chitinous bar or “arm^’ arising from the mentum and at its distal end 
associated with the fleshy lobe. 

I have examined the hypopharynx of a number of species of Lepidoptera 
belonging chiefly to the families Nyinphalidm, Pieridse, Geometrid83, 
KootuidsB, Lasiocampidse, Pyralidee, and Tineidm. In most cases there was 
little that called for comment. 
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All tb« Nootow o1»Mvs^ fooBd to agree refl^tfcridjr 
i\w ftoadltm iound in MaohUltra pemeante. The righi ra^ililBii <rf 
M. perdearia (text-fig. 13) measoTes *51 imn. io lenglh from the poini (sJ.) 
From' this level to the apex of ihe hjpopliarynx the distance is *88 mm. 
A tbialy cbitiaised plate {/>.) auppoeis the outer wall of the maxillule to 
which it is closely applied. It is fringed with freely projecting teeth. 3!he 
greatest width of the left is '2 mni. The mental arm (a.m.) sapports 
the chitinons plate for the greater part of its length. 

The Bhopalocera investigated were not found to he strikingly different in 
the character of the hypopbarynx from the Heterocera. In Vaneua urtiete 


Text-fig. 13. 



Mame»tra pemearim. LaUum and hypopbarynx, dono-lateral a^^t. X 55. 
a.m. Mental arm. h. Hypopbarynx. Ip, jAhial palp. m. Maxillula. 
p. Plate anpportiing outer wall of maxillula. a^p. Sphmeret. 

tills strocture was of a form commonly oeoarring amongst the latter group. 
This type, represented by Lagoa erupata^ jjle Gryee (38. pi. 17. fig. 1), is 
found in both micro and maero-lepidopte|ia (p. 176). The fleshy lobes are 
“ covered with spines but devoid of all traces Of blades.*^ 

In PUrii braatieee tilai Philotaimia tgailm the maxillular lobes are very- 
large in proportion to the hypopdiarytucv the proxintal half of whic^ -they 
completely covered. , / 

Cbnsiderable attentitm was deyottd to.ex^inftt^ of fiba ocndiB<m,o{ the 
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lijpopliairjiiB la Seputhu JiumvlL Althotigh the family to which this species 
belongs is in many respects primitive the hypophurynx is apparently oon*^ 
sidierably specialised* It does not seem to afford any clue to the original 
form of the maxillulse in Lepidoptevous larvse. The whole of the mouth- 
floor is remarkably soft, rounded and membranous, and the areas of chitiui- 
ixation very small* A pair of lateral membranous protuberances were too 
indefinite in character to be hoinologtsed with maxillulse. , 

TBICHOPTERA. 

The hypopharynx has been investigated in eruciform larva) of Phryganea 
and Limnophilidae and in the cainpodeiform Hhyacophila and Hydropsyche. 
It was found in most cases to bear a general resemblance to that of Lepido- 
ptera* Its dorsal wall, forming the floor of the mouth, is produced distally to 

Text-S|^. 14. 



Mkyacoiihik sp. Labium and bjpopbarynx, dorsal aspect. X 260. a.m. Mental 
arm* A* Hjpopbarjnx. Lp, Labial palp, tn, Maxillular lobe, p, Plate 
supportisg outer wall of lobe. 8 ,p, Spinneret. 

form a conical spinneret. Laterally its walls are contiiinous with those of 
the labium. With the exception of Phryganea all the examples investigated 
were found to be consirnoted on a common plan, which can be best described 
by a consideration of the condition in a species referable to the genus 
RhyaeophSku 
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The hypopharynx (text>fig, 14) roeaBOpes ’25 mm. in kragili. mid *22 mm. 
in greatest width in an alraosi fnlly-grown larva. In its madiah portion the 
upper surface is thrown into a pair of convex ill-defined lobes (m.) set with 
stout curved spines. Each is supported externally by a cbitinons plate^(p.) 
measuring *05 mm. in length and *03 mm. in breadth. The free edge of 
this plate is famished with long hook-like spines. It arises from a chitinons 
lateral expanse (t(4n.). This- latter is seen to. be continuous ventrally with 
the thickened portion of the nientum and is apparently homologous with 
the chitinons “ arms of the mentum ” in Lepidoptera. (In the larva of a 
Limophilid a narrow bar of chitin is found in this situation.) The condition 
of the month-floor va Hudroptgehe sp. was similar to that of Rhi/a^Mla sp. 

It has been shown that p-iired lobes associated externally with chitiuous 
plates occur in widely separated families of Triohoptera. This evidence seems 
to suggest that the possession of these structures is a feature characteristic of 
Trichopterons larvte with certain exceptions. The hypopharynx, when these 
strncturos are present, is comparable in constitution to that of the more 
generalised Lepidoptera. In addition to the setiferons lateral lobes, it is 
characterised in both orders by (1) the possession of a conical spinneret, 
(2) the presence of chitinons arms extending from the mentum and associated 
dorsally with the exterior of the base of the lobes, and (3) the membranous 
rounded nature of the floor of the mouth. Tims the hypopharynx of 
Triohoptera is seen to be constructed on a plan fundamentally similar to 
that of Lepidoptera. The maxillulm ^ the latter order are therefore 
in all probability represented in Trichoptera by the similarly located 
lobes (wj.). 


HYMENOPTFillA TBNTHBBDINE8S... 

A vertical section through the head of rosce Berlese (1. p. 522, 

fig. 595) shows that the duct of the labial or spinning gland runs above 
the labium to open above its extremity. ’ Dorsal to the duct is soon a fold 
which constitutes the mouth-floor. The dlstdi portion of this fold is, in all 
probability, the hypopharynx in Tcnthredinian larvie, 

In a recent paper on the immature stages of the Tontimtdinoidoa 
MoQillivray (81) fully describes and figures the mouth-parts of PampHliua 
dantatua. It is stated that in PamphiUua, ." On the dorsal surface of the 
Ugula and laterad of the labial palpi, tiiere is on eaoh side a protuberance, 
a paraglossa. Between the labial palpi and arising on the ontal surface, 
tiiiere is a prominent lobe which represents &e glosso. The glossa has been 
modified into a spinnQsret (figs. 9, 13,. sp.) for the opening of the duct of 
the silk glands.” In fl^. 13 the spinneret is seen as a skucturo projecting 
beyond the ventral surface of the Hgtda. It is therefore piobably more 
highly developed tlwn in ti|e forms to be dei^fbed., 
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This structure has been examined in various species, and considerable 
diversity was found to exist. Perhaps tlie simplest condition was tltat mot 
with in SeUtndria aixii. The anterior portion of the labium (text^Sg. 14) 
bears the tlirec-jointod palps, and is scarcely differentiated into a median (/.) 
and two lateral portions (p.g ). Th«! labium forms the ventral wall of a 
wide depression (/.) at the base of which is the end of the spinning dnet. 
Dorsally this funnel is bounded by a rounded chitinons protuberance (h.), 
which is connected lah'rally with a similar pair of lobes (w.) closing in the 
sides of the funnel. They are the “ glossa” and “ pamglossaj ” respectively 
of McGillivray (81). Each lateral lob<! measures ‘18 mm. in length and 
•16 mm. in breadth. From their position in the floor of the mouth, and 
above the labial duct, I conclude that the median structure is the hypopharynx, 

Text-fig;. 16. 



Selandria suit, liabium and liyiiophaiynx, dorsal aspect, x 56, h. Hypo- 
pharynx. /. Ligula. m. Maxillula. l.p. Labial palp. p.y. I’araglossae. 

and that the laterally associated pair may be maxillulte or, at least, partly 
maxillular in constitution. 

The mouth-parts of the larva of 2iematus Jirichsonli are typical of those 
of the majority of Tcnthredinc'ae investigated. The surface of the hypo- 
pharynx and its dorso-latoral lobes is membranous and of rounded 
indeflnito form. 

The larva of Fmtua melanopoda was found mining the leaves of alder- 
trees. When mature it measures 9 mm. in length. The internal structure 
of the head bears a striking resemblance to that of the young Aeroeecrops 
Heinrich and De Gryse (loc, cit. pi. 3. figs. 1 & 2). The mouth-parts are 
in both cases reduced and are associated with slender skeletal rods traversing 
the entire length of the head. 

The month-floor of JSmusa mfilampoda^ viewed from above, presents the 
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HppMruuce nhoTti ia hxb-fig. IS. Between the vestigial latml pi^pi 
projects the reotongnlair flat membranous stracture (&.)• ^l> strnctare 

lies above the labial duct it is here considered to be the hypophar^rnx. It 
is supported laterally bj^ two arms of the skeletal system. The lengUi is 
*08 mil), and the greatest width *09 mm. The dorsal surface is markedly 
convex and bears two large convex plates (m.) covered with rows of minute 
spines. I regard these plates as iiMXillalffi, which have become flattened in 
accordance with the dorsi-ventral compression of the head. 

A comparison between the anterior aspect of the labinm and hypopbarynx 
oiSicUis and Stlcmdria (text^flgs. 8 & 15) reveals a close agreement with regard 
to the arrangements of the ooustituent elements. The salivary opening in 
both eases causes a slit-like depression above the border of the labinm. 


Text^Sg. 16. 



FImum utelanepoda. Hjpophwyux and maxUlnlte, dorsal aspwst. The maxilla is 
in^cated on the left side <iiily. x 400. A, Hypopharynx. m.p. Labial 
palp. m. Moxillula. mx. Maxilla. 

Dorsal to it is a median lobe, the hy|)opharynx, whose lateral lobe-like 
expansions form the lateral walls of the’ depression. These hitter are asso¬ 
ciated with the labinm at each side behind the base of the palps. In Stalit, 
however, the Hgula of the labinm exists as a defiaitd aetose plate which its 
not represented in Sekmdria. This comparieen points to the concluinon that 
the labinm .and hypopbarynx of Ndnroptera and larval Tmiiliredinese are 
ocmstrooted on the same fnndamental plan. ' 

In discussing the labial gland of Tdn^uuflitiiio larvte, Berlese (1. p. 522) 
described its tearmination sotto k Ungaa in una speme di flliera." This 
leads ns to enquire hova^far the’Conditaon'here mdy be oomparod with that el 
Lepidopteia. 

. We kive noticed that flm ht^imn ha lartal Tea^te^inem » in a con. 
siderably reduced state, in . Iieid«E|^eca' ;|t has beoikie alinoBt 
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ETirccQgnisahly modified to form the basal portion of the spinneret* No'vr 
in larval Trichoptera the spinneret is intermediate in development between 
that of Lepidoptera and the incipient condition of Tenthredineae* It there¬ 
fore appears likely that in the two orders in which a spinneret occurs it is 
derived from such raw materials as are afforded by ihe state of the hypo*^ 
pharynx and'labium of Tenthredinese. Assuming this to be the case^ the 
hypopharynx of the latter order is homologous with the proximal portion 
of that of* Lepidoptera* We should then expect that the simple lobes borne 
at the anterior lateral border of the hypopharynx in Teiithredineso would be 
represented in a modified form in Lepidoptera, where they would occur 
at the sides of the hypopharynx behind the base of the spinneret. In this 
position we find the paired lobes considered by De Gryse as maxillolse. 

It, therefore, appears to me probable that the lateral lobes wo liave described 
*in the mouth-fioor of Tenthrcdinian larvse are homologous with the inaxillulse 
of Lepidoptera. 


Text-fig. 17. 



Bibio pomorue, H^'popliaryiix, dorsal aspect. The outline of the labium is 
indicated beneath the surface of the hypopharynx. A. Hypopharjmx. 
L Apical processes of labium, m. Maxillula. s, Sclerite supporting 
maxillula externally. 


DIPTEBA. 

Bengtsson (2) announced the discovery of maxillae associated w^ith the 
cndolnbium in lipulid PhaJacroceTa^ stating that the lotter structure was 
innervated by a pair of endolabial neiwes arising from the sub oosopliugeal 
ganglion dorsal to the mandibular nerves. 

Traces of luaxillulae wefe sought for in the larvae of various genera of 
Noinoceran diptera. These included ChironomuSy Tanypus^ Bihio, Myceto- 
philuy Tipulay Ptychoptem, and Simulium. In the majority of cases tln^ 
views of autliors as to tli©' exact limits of labium and hypopharynx were so 
Vftiions as^ to render imposaible any definite conclusion as to the presence of 
maxillnlte associated wf& ^ latter. 
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In the case of Chifwhotmt, hovoTor, wo have &e otaienieot SBall aad 
Hammond p. 29} that !‘*!Hte aaHvary dneis pass forwards to open above 
the mentnm and behind a minnte projoctaon in the floor ol inotdh 
(lingna).” When viewed firom the dmrsd surface the lingna (hypopharynx) 
of Chirmomui sp. is seen to conidst of a broad plate bearing at each side a 
wing-like projection which is inclined at ri^t angles to the floor of the month. 
I have compared this condition with that found in two species of JBibio*-^ 
li, pomonm and B. Joha^MM. Spodmens of the latter species were kindly 
gh’en me by Mr. H. M. Morris, M.Se., and my description refers to 
pommm. Ihe only differences discovered between this species and 
B, Johannit with regard to the hypo{dmrynx wore those of size. 

Morris (84 a. p. 96) describes month-parts in his paper on .the larval 
and pnpal stages of this Nemoccran. I found that the salivaoy .iddct'^n 
immediately dorsal to tlic thick Indentate struoture, which is considered to be 
a portion of the labinm. I therefore odnolude that it represents the whok» 
labium. In lateral view it appears not as a simple plate, but of composite 
nature. Above the end of the salivary duct is the membranous anterior 
portion of the moutii-floor. This has b^n described as the upper plate of 
the labium. Its position with regard to the labial duct appears to me to ix: 
conclusive evidence of the fact that it corresponds' to the lingua or hypo- 
pharynx of Chironomut. laiterally it bears a pair of forwardly projecting 
pointed processes (text-fig. 17, m.) *2 mm. in length .These are so disposed that 
together with the bypopharynx they form a membranous crescentic structure. 
The exterior surface is supported by the arm of a chitinous sclerite s. The 
ventral portion (o.) of this sclerite is associated by moans of a chitinous 
conuectivc with the lateral angles of the talflnm. 

The form of the hypopharyiA and its lateral projec^ons recalls in some 
features that of Ilibitu, one of the less sperialised D^sdds, which belong to 
the most primitive snborder of (loleoptora. Moreover, Morris (1917, p. 104) 
gi\«8 reasons for regarding the larva of BiUo as furimitivo amongst Diptera. 
Thus, if maxillulee exist in Dipterous larvie, we should expect to find them 
present in such a form ns this. The suggestion is therefore put forward that 
farther investigation may demonstrate the nauciUuher nature of the processcis 
bwnc by thci bypopharynx in the larva of J?iNo, Und of the similarly located 
projections in Chitwiomut. . > ^ 

SunKABv or OotUXfVsimB. 

'i ' 

Briefly, then, tito presence. maxillulss as a pair of appendages more or 
less closely associate, witii the hypo|>hatyhx is a characteristic featnre of 
Apterygota. They are in the leas^mod®^ cmniition in MaduHt. I have 
emphasised the ^!oat degree of mdtM^im panmeat hi Ltpurm, 

T^ are weU developed in with the 
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hypopharynx. In ihe EpHemerided the maxillulaB lio betwoen the mandibles 
and maxillse, thongh they are articnlated to the base of the hypopharynx. 
In larvse of certain Perlaria Filipalpia I find structures projecting from the 
sides of the hypopharynx, which bear comparison with the inaxillute of 
Epheineridm. In the section Sctipalpia these appear to Ik* represented by 
small setiferous convexities on the surface of the hyj>opharynx. My investi¬ 
gations do, I believe, tend to support the view that partially fasej maxillula? 
may Ik' recognised in the membranous lobes associated with the hypopharynx 
in rsocidse and cc^rtain Mallophaga, and that the so-called “ lingual glands ” 
are chitinizations of the ventral wal| of the hypopharynx. 

Ill the Endopterygota the presence of maxillulm is established in four 
families of (Joleoptera. I have described structures which 1 regard as 
possibly homologous with these appendages in Elateridm, StaphylinidsB, 
Telephoridse, (loccinelliduB, and Tenehrionidae. Reference has been made 
to others of a more doubtful nature in Daryphora Jind Otiorhynolius. 

The hypopharynx of Trichopb^rous larvae bore comparison with that of 
Lepidoptera. On its dorsal surface were* structures apparently homologous 
with the maxillulae of Lepidoptera. Larvae of Sialis and Chrysoj)a did not 
appear to possess those appendages. In the adults of specic^s of these two 
genera of Neuroptcra and in BapJiidia the hypopharynx bore lateral struc¬ 
tures which, from comparison with Forjieula^ seem to be wholly or partially 
maxillular in nature. Similarly located lobes, though modified in form, occur 
in larval Tenthredinoae. 

Attention has been called to the presence of a pair of projections associated 
laterally with the hypopliarynx of two Nomoceran Diptera, Bihio and 
Chironomus. It is doubtfully suggested that these are of the natiirr^ of 
innxillulae. 

A comparative review of the various conditions of the hypopharynx and 
maxillulse of insects from the Apterygota to the most highly specialised 
ninndihulato Pterygota, points to the existence of a tendency to modification 
along certain lines, as follows ;— 

(1) Greater association of the niaxillulm with the hypopharynx. (Com¬ 

pare Lepisnia with Machilu^ Blatta^ and Forjicvla ; Perlodes 
with Nemura). 

(2) Reduction in the size of the maxillulm. 

(3) In Exopterygota the formation of a compound “ tongue composed 

of the hypopharynx and maxillnljo carried by a forwardly pro¬ 
duced portion of the moutli-floor, specially d(*veloj)ed for the 
purpose. This is seen in an incipient condition in Chloeon and 
JSemum. It is well formed in Forfieula^ Blattidfe, and probably 
in Psocidse. 



454 


MISS A. M. EVANS OK TBE STSVCTUEE AKt> O^OBB3iiKCE 

(4) In the Endopter^rgota famon of tin distal poison of tiie moi^-floor 
vidi tha labiniu. ^is ooours in the inoto speoiatisod Ckdeoptera. 
Lateral fusion has taken ]place in the Nenropterons forms 
examined. Ihe Tenthredinee^ Triehoptera, and Lepidopteia 
represent Oonsoontive stages in the formation of a spinneret, 
fay prolon^tion el the intimately fnsed labinin and hypophaiynx 
around the opening of the iabkl duet. 

Finally, I to lay emphasis on tiie tentative character of the ‘*oon- 
clnsions ” here reached. In certain of the orders and families considered 
maxillntee were not hitherto known to be present. It is hoped that snb- 
snqnent investigation into the embryoiogical development and morphology 
of allied forms will reveal the troth with regard to this intore8ting..^n^ttoa. 
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EXPLANATION OF PLATE 3J. 

Fttrobiu» sp. Dorsal aspect of Hypopharynx and Maxillulse. 

From a preparation stained with acid fuchsin. 

a. Indication of articulation. 6. Hypopharynx, U Inner lobe of maxillula. h. Comb-like 
projection from surface of maxillula. m. Left maxillula. p. Palp. p.e. Peduncles 
of hypopharynx. r. Ohitjiiious rods in central pharyngeal wall. 
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PETROBIUS sp. 
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Tlio Voi tebrate Fauna of HoutnianS Abrolhos (AbioUios Ibknds), Westein 
Anstialw. B> W. B. Alkxani>eii, M.A., Lab* Keeper of Biology in the 
Wo^le^n Au'.tralinn Museum, ((’om’nmiieatetl by Dr. W. J. Dakin, 
Professor of Zoology in fhe Uiiiveraity ol Liverpool.) 


fl’en^ ‘'ledeii Tiuot Expedition to tlio Vbrolhos Islands under the 
loideruhip (if Pi of W, J 1)a.kin J 
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iNrKODtJClJON. 

Thk fir^t reference to the fauna of tbe Abrolhos is oonbiined in Ibe journal 
of Francis Pel«ait, 1629 (1). Ho states that in the two or thioo laigo islands 
(the Wallaby Islands) theie were laige numbers of a ‘‘species ol cats,” of 
which he gives a very good description, the first pioper account of a species 
of kangaroo written, though 1 am not sure whether it was published till 1899, 
as it was omitted from the popular account of his voyage publuhed at the 
time* He adds that in these two islands they found a number of gioy turtle¬ 
doves, but no other animals. 

(Japt. Wickham, in command of H.M.S. ‘Beagle,’ sun eyed tlio islands in 
April 1840, and the officers under him made considerable collections, which 
are now in the British Museum—unfortunately, in most cases with nothing 
to indicate on which islands they were obtained. In his account of the 
MKN* jrotrm—ssooLoaT, vol. xxxiv. 34 
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Tojage (8) Stokes mentions haiivseftls seen nt Pelsart Islsnd and Bat Island, 
the latter obt-iining its name from " the quantity of that vermin with which 
it was infested.” The Wallaby Islands derived their name likewise from th« 
nnmber of those animals found on them, and Stokes remarks specially that 
not a single wallaby was found on Korth Island. On Hat Island they 
obtained numbers of a lisard, named Sihibosauruf atoketii by J. E. Qray in 
the appendix to the volume. One of these Lieut. Emory brought alive to 
England. The Pigeon Islands were so named because “ the common Bronse- 
winged Pigeon ” was found there in great numbers. The burrows of the 
Booty Petrel or Mutton-bird are mentioned as abundant on Hat Island and 
the south-west side of West Wallaby Island. Stokes remarks that the birds 
met with on Houtman’s Abrolhos, with the exception of one resembling in 
shape and colour a small quail {Bfemipodiut acintillant, Gld.) numeroni OO 
North Island, were known and common on the mainland. 

In 1842 Gould’s collector, John Gilbert, visited the islands, and wrote 
a vivid account of the nesting-habits of some of the sea-birds. He also seems 
to have made large collections of the reptiles etc., which are now in the 
British Museum. 

In 1889 the group was visited by Mr. A. J. t’ampbelt, who wrote an 
account of the fauna (8), partly from information given him by Mr. Broad- 
hurst, whose firm had commenced working the guano, and by Mr. Beddoes, 
the firm’s manager on the islands. 

In 1894 Mr. 0. Lipfert spent three months at the Abrolhos at the in¬ 
vitation of Mr. Broadburst, collecting for the Westei-n Australian Museum. 

I have to thank Mr. Lipfert for lending me a manuscript list of the birds 
that he found nesting. 

In 1897 Mr. H. Helms paid a short visit to the islands accompanied by 
Mr. Lipfert, and in 1902 an account of his visit was published ( 4 ). He 
added somewhat to the list of birds given by Campbell. In 1899 the islands 
were visited by Mr. It. Hull, who published a list of the birds (6), adding a 
few not recorded by Helms. 

In 1907 the Abrolhos Islands were visited by a party, amongst whom were 
Messrs. Milligan, Conigrave, and Gibson. Tlie last wrote an account of the 
birds met with (6). Specimens obtained by Milligan and Oonigrave are in 
the W. A. Museum. 

I visited the islands with Prof. Dakin in November 1913, wiA funds 
provided by the Percy Bladen Trust, andy where not otherwise mentioned, 
the observations hereafter recorded were made on that visit*. Mr. J. 
McMillan, who acooiqpanied ns, gave valuable assistanoe on this expedition. 

*' [This WM the first Percy Bladen Trust expedttioa to the Abmlhos Islands, the second 
wss siade io 1918,—W. 3. D.J 
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Section 1.—The I^nd Vertebrates, 

MAMMALIA, 

Bodentia. M irn i b 2b. 

BpiByi=4 FUBCIPES [Waterhoute) (not Gould). Dusky-footed Rat. 

Two examples of this species, obtained in November 1907, are in the 
Western Australian Museum. They were caught on the sand-hills on East 
Wallaby Island, the only locality in which wo met with the species. 

The Abrolhos specimens are decidedly smaller than those in the W.A. 
Museum from other localities, and their skulls are narrower in proportion to 
their length. As the teeth are only slightly worn, it is probable that both 
specimens are young, and these differences may be due to age. When a 
longer series is available, it may bo necessary to create a subspecies for them. 

Mar BUpiaUa, Magkopodidjs. 

Macropus eugemi houtmanni (Gould), Dama Wallaby or Tammer. 

As already mentioned, this wallaby was first met with by Pelsart in 1629 
on “ two or three of the larger islands.^^ The types of Macropus houtmanni^ 
Gould, were obtained by the naturalists of the ‘Beagle’ in 1840 on Enst 
and West Wallaby Islands, the only islands on which they are found, and 
are in the British Museum, together with specimens obtained by Gilbert. 
In 1888 Oldfield Thomas wrote (7) : “ I have come to the conclusion that it 
is impossible to admit more than a single western species, notwithstanding 
the very striking differences that exist between the individuals long isolated 
in the islancfc^df the Houtman’s Abrolhos and those living on the mainland. 
The differences fade away on the examination of a largo series, and specimens 
from the small islets close to the coast are as a rule more or loss inter¬ 
mediate.” 

Since 1888 the general use of trinomials to designate differences of this 
nature leads me to suppose that Mr. Thomas would now adopt the nomen¬ 
clature I am using, especially when it is borne in mind that the small islands 
to which he refers as inhabited by intermediate forms are not geographically 
intermediate^ but lie off the south coast of Australia at the opposite extremity 
of the range of the species on the mainland. 

The animals are very plentiful on the two islands which they inhabit, 
chiefly amongst the coastal sand-hills and on the portions of the islands where 
the limestone rock outcrops. These are the only regions where the bushes 
are large«enough to afford them cover during the daytime, which they appear 
4o spend in the shade, only coming out at night. 


34^ 
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IntrpdnoDd IbaBHula. 

Stokes foTiud great nnmbers of rats on list Island^ hat it ill ndt okwr 
wUetlioi these a ere HcMua (Epimys) fumpet or B. raltut or iZ. 

If they were from the latter they wore presumably the result of one of the * 
numerous shipalocks which occurred on the islands from 1620 onwards. 
Kats ate stated also to have occurred on Pelsart Island, hut we did not meet 
with them on either of tliese islands. Rabbits also were formerly found on 
Pelsart Island, though there is no evidence as to how they got there. 

Unfoitnnately, the domestic cat has been introduced. We saw an 
individual on Rat Island and the tracks of one on Pelsart Island, and this 
probably accounts for the disappearance of the rodents, as well as the larger 
lizards, on these groups. It is to be hoped that they will not reach the 
Wallaby Group. 

BEPTIUA. 

Ophidia. B o t D .X. 

Python smlotks VAaiKOATns (Gray), Oarpet-Snake. Plentiful on West 
Wallaby Island. The largest individual we met viith was about 7 ft. in 
length. 

CoLTTitRinx. 

Dknisonia oobonata (Schley.). Crowned Whip-Snake. The British 
Musenm has a specimen obtained by Gilbert. A small grey snake seen by 
me on East Wallaby Island, but unfortunately not captured, was probably of 
this species. 

Rhynohklaps BEBTHOLUI {Jan). Ringed Snake. Mr. Lipfert obtained 
a specimen of this species on West Wallaby Island in 1895. A large example 
obtained by the guano-workers was forwarded to Prof. Dakin in 1915, and 
is now in the W.A Museum. 

Laoertidia. G BCKONISiE. 

GTHKODACTTiiUe HiLiusu {Bory). Flat-tailed Gecko. Frequent on West 
Wallaby Island ; also found on Pigeon Island. 

Hxtebonota bynoxi {Gray). The types of this species, in the British 
Museum, were obtained on Houtman’s Aheolhos. 

Phtllodaotylvs mabmobatus {Gray). The types, in the British Museum, 
are from the Abrolhofc. 

PHYLLODACrn-UB ooXLLATOs {Gray). The types of P. UUneaiut, Gray, 
regarded by Boulenger as a synosiym of this species, were obtained on the ' 
Abrolhos. 
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Djflodaottlub spxkiqbbus^ Gray. The types, in the British TAtmum^ 
are from the Abrolhos. We obtained two specimens on West Wallaby 
Island. 

DlPLODAOTYLUb viTTATUh, Gray. Ihe types of J). omatva^ Gray, regarded 
by Bouienger as a synonym of this species, were collected on Hontman’s 
Abrolhos. 

Pbropus VAUIBGATUS {Dum. ^ J3ibr,). A specimen in the British Museum 
is Irom Houtiiiairs Abrolhos. 

Ptgopodid JB. 

Delma FBASERi, Gray. Frasei’s Slow-\orni. We met with two indi¬ 
viduals of this species on West Wallaby Island. 

Lialt<3 burtonis, Gray. Burton^s Blow-worm. The British Museum has 
a specimen from Houtman’s Abrolhos. We met with one example on West 
Wallaby Island. 

A o A M I D 

Amphiboluris barbatur {Cuv.). Jew Li/aid. Pleutihil on East and 
West Wallaby Islands and North Island, especially amongst the sand-hills. 
Often observed in the bushes a couple of feet from the ground. 

SCINCIDAS. 

Egernxa WHiTBi {Lave}}.). The Briti^^h Museum has a ‘specimen from the 
Abrolhos. 

Eoxrnia KiNOi (Gray). Common on West Wallaby Island, chiefly in the 
region covered by flat slabs of limestone, under which it lurks during the 
daytime. Also met with on East Wallaby Island and the Pigeon Islands. 

Egbrkia sTOKEsi {Gray). Very plentiful wherever there are loose rocks 
ou the East and West Wallaby Islands and Pigeon IsLinds. Sometimes us 
many as four or five individuals will be ioiind by turning o\er a single stone. 
At the time of Stokes's visit it was evidently common on Hat Island, and 
Campbell also met with it there in lb81>. I think that it has piobabh been 
destroyed on that island by the introduction of cats. 

TBAOHrSAURUS RUGOSUS, Gray. Stump-tailed Lizard. The Briti&h 
» Museum has a specimen from Houtman's Abrolhos. 

LtGOBOMA liBSDEUBi, Ihim. ^ Bibr. The British Museum has a specimen 
obtained on the Abrolhos. 
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Ltooso3ia bichabdboni He typo, in the British MaBeQtn,.ii 

from the Abrolhos. 

Lyoosoma QTiADBiUNSATtiM {Dum. ^ Bibr.). Tho British Mnsenm has a 
specimen from the Abrolhos. 

Lyooboxa sp. A small species with an orange head and pink throat was 
very common in sandy localities on tiie Wallaby Islands. A specimen trhich 
I obtained is in the W.A. Mnsonm, and appears to belong to a new species, 
but I hope to obtain further specimens. The small lizards of this genus are 
so active that they are very difficult to obtain, and several other species 
probably occur. A small form which lives among the scrub was seen on 
Long Island and Sandy Island in the Wallaby Group, as well as on Bat ' 
Island and Pelsart Island. A rather larger species was also observed on 
Kat Island. 

Lygosoma PEAtPBDlTDM, Blfigr., is recorded by Campbell. 

AMPHIBIA. 

Anm. 

OVBTiaNATHID At. 

LYMNODYHAsm DOBSAUS (Gray). Specimens from Houtman’s Abrolhos 
are in the British Museum. 

BlTFONlD.®. 

Myobatbaohus oouldi ( Gray), Specimens from the Abrolhos are in the 
British Museum. 

We did not see any Amphibia, but on Pigeon Island and Long Island wo 
heard sounds after dark which sounded like those made by some species of 
frog. Considerable search with a lantewj on Pigeon Island failed to reveal 
the animals from which these noises emanated. 


LAHD-BIBDS. 

TnrnicifinrmeB. 

Tubnioidas. 

Obiygookb VABitre soMJTiiLANS (GWti),* Painted Quail. 

Common on Bast and West Wallaby Islands, one of the Pigeon Islands, 
and North Island. At<the time oj^ our visit in November 1913 the breeding- 
season seemed to be pmotically.iver, as yotmg birds were met with which 
could fly almost as atrougly as the adults. 



VKBUSBltAtS fAUNA Of BOUTHAkV ABBOLBOS. 4^4 

The Abrolbos birds were described by Gtonld (P. Z. S. 1845, p. 62) as ii 
distinct species, “/fmtjpodtus sdniillam," described as ** very nearly allied 
to bat mnch smaller than JI. mriat.” In the ‘ Birds o{ Australia ’ Glonld 
writes that the species ‘'tnnoh resembles H. mrtu«,.bnt is little more than 
half the size of that species; independently of which the colouring is mnch 
lighter, more varied and sparkling, the white margins of the back feathers 
more unnierons and conspicuous, and the markings of the throat and breast 
of a crescentic instead of an elongated form.” 

In 1911 Mathews (8) separated the form of Turnix varia found in South- 
West Australia as T. varia stirlingi^ writing that it “ agrees with 2\ varia 
icintillam in its darker upper coloration but differs in its much paler under¬ 
surface and more white on the ear-coverts.” 

In 1913 the same writer (9) placed his own T. varia tlirlingi as a synonym 
of T. varia scintillans^ Gould. 

As Mr. Mathews informed me that he had not examined any birds from 
the* Abrolhos, I presume he was relying on Gould's description in taking this 
action. There are two Abrolhos birds in the Western Australian Museum 
obtained in 1894, and in my opinion they are quite sufficiently different from 
birds from the mainland as to need a subspecific name. They are much 
lighter in colour than all the birds from the mainland, for which I will use 
Mathews’s name of 7’. varia stirlingi. Now, though Gould^s figure shows 
sciniillans as ‘‘ darker’^ than varittSj in the descriptioTn he says it is “lighter,’’ 
In the second place, the white patch on the throat extends further down, and 
the white markings on the breast are fairly narrow, only widening a little . 
towards the tip instead of being crescentic as in stirlingL I cannot help 
thinking that Gould meant to write that they were “ of an elongated instead 
of a crescentic form,” instead of the exact opposite. In addition, both.tho 
specimens of scintillans have far more white spots on the cheeks and head 
than any of the specimens of stirlingi, in none of which do they extend right 
across the back of the head ; moreover, these spots and the streaks on the 
breast are white instead of huffish, w^hich I presume is w^hat Gould referred 
to when he said the colouring was “more varied and sparkling.” Other 
slight differences noticed are that the black patches on the back are 
distinctly more broken up by cross-bars in scintillans^ the reddish colour 
on the sides of the breast extends much further down, and, as noted by 
Gould, “ the white margins of the back feathers are more nuuierous and 
conspicuous.” 

In making these comparisons I have had before me the two specimens 
of Ortygodes varius scintillans from the Abrolbos, seven specimens of 
0^ varius stirlingi from localities from Perth to Denmark, W.A., and 
one specimen of 0, varius varius from Queensland. 
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CotamUfiffinag. 

CotUHBIO JS. 

CosuoKBLU Ki:iKaAKB KBOLBOTA, Motheuu. BrnRh Bronze-wing Pigeon. 

Plcntifnl on East and West Wallaby Islands and Korth Island, thongb, 
cnrionsly enough, we did not meet with them on the Pigeon Islands, which 
Stokes named from their abundance there. A nest containing one fresh egg 
was found by me on East Wallaby Island in Kovember 1913, and Hall 
captured a young bird that had just left the nest on Pigeon Island in 
November 1899. “Grey Turtle-Doves” wore seen by Pelsart on the 
Wallaby Islands in 1629. Stokes recorded them as the “ Common Bronze¬ 
winged Pigeon ” and Campbell as Phaps ehalcoptera. Owing to tium* rapid' 
flight and their habit of flying just over the bushes and then ducking down 
again, it is by no means easy to get a good view of them, and perhaps 
Campbell did not secure a specimen. There are two specimens from the 
Abrolbos in the W.A. Museum, obtained in 1894, and I cannot discover anjt 
differences betweeQ. them and simcimens from the mainland, though they are 
both distinctly below the average in size. 

Ballifomei. 

BAiiLiUie:. 

HvpOTJEKimA PHtuppKMSis {Linn.). Buff-lianded Bail. 

Campbell saw this species on Bat and Pelsart Islands, and states that it is 
known to breed on the latb'r. We did not meet with the species. Birds 
from this locality would presumably be S. p. meUori, Mathews. 

PoBZAKOinsA PLOUBEA KOBKBTi, Mathem. Spotloss Crake. 

Campbell states that this species occnrs on Pelsart Island, about tho 
mangrove swamp ” (there are numerous mangrove swamps on the island). 
Gibson saw a pair in November 1907, on a rooky islet forming part of Bat 
Island.” “This record for these birds,” be very justly adds, “is, I think, 
somewhat unique.” Judging Iron) tbe localities it frequents on the mainland, 
this is one of tho most unlikely birds one could think of to be found on these 
dry islandti. 

falconi&mM. 

» 

FAI.00KID4C. 

Cebohkbis oxKOHiuvnKs VKiOQnoR (MUHffan). Nankeen Kestrel. 

A bird of this species was seen on West Wallaby Island, and two days 
later another, or more profahbly the same iniflvidual, on North Island. 
Doubtless it was only a visitor frotp tbe ouliBlaBd, 
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Gorftoiifonaes, 

Alobdinid^. 

Sauropatis sancta westralasiara (Campbell), Sacred Kingfisher. 

Hall found a pair IVeciuenting an abandoned jotty at Pelsart Island, going 
in and out among the planking as if nesting. He shot the female. 

FasBeriformes* 

HlRUNDINIBiE. 

Hirundo nEoxena oabteri, Mathews. Welcome Swallow. 

Met with on almost every island. The birds appear to ne>t under the 
overhanging hhelves or low olitfs found round most of the islands. On 
Pigeon Island a swallow was seen to carry nesting-material into a situation 
of this kind. 

I Muscxcapid^. 

Whiteornis goodbnovii RUFiOAPiLLUB, Mathews, Red-capped Robin. 

Hall shot a young bird of this species on Pelsart Island, which he 
considered, doubtless correctly, as a stray visitor from the mainland. 

T IM R L11 B AS. 

Ptkn<ebus mathbwsi mathewsi (Tredale), Rufous Song-Lark. 

Hall met with three birds of this species on Pelsart Island in the raan- 
gioves and shot one of them, a young male, lie thought they might have 
nested on the islaiul, but probably they were only visitors from the mainland. 

8 YLVIID AC, 

Sbricbrnib maoulatus fusoipbb, subsp. iiov. Spotted Scrub-Wren. 

Oommon amongst the bushes on East and West Wallab)' Islands. In the 
‘ Birds of Australia’ Gould, uftei referiing to the variability of & macu<~ 
lafits^ states tliat specimens from Hontinan’s Abrolbos differ from examples 
from the mainland in their rather smaller si/e, much groyer tint on the baek, 
and imich darkor-coloured leg^. In the Western Australian Museum are 
four rather poor specimens from the Abrolbos obtained by Milligan in 
November 1907. 1 have compared these with 16 specimens from various 
localities in S.W. Australia, including two from Albany, the type-locality of 
8. maenhtus. There are also available four specimens from the islands in 
Sharks Buy, one of them from Bernier Island, the type-locality of S.bahtoni^ 
Grant, and the other three, which agree closely with it, from Dorr^ I^^land. 

None of the specimens agrees with & mathewsi warreni, Mathews, which 
is said to have a ** greenish (not greyish) olive back,” though there are 
examples from loeaiities on both sides of tiie Warren River. 
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S|>edineo8 from tlm Alwolhos appear to be nearer to S. nuahemi balstom 
than to typical S. mathevm macwWu^; they differ from boUi, however, in 
their vm'y dark logs, as noticed by Goold. I am therefore using a new name 
for birds from these islands... f bey hare much less of the rufous tingei on the 
romp than in 8. mathmd $naeuiatut, and rather less ^n in 8. mathewti 
bcUitmi, The dark streaks on the throat are narrower than in tnamdattu, 
but rather larger than in bcilttoni.' The size is almost the same as balitofU^ 
distinctly smaller than maetdatut. Mr. Lipfert found a nest of this lard on 
West Wallaby Island on December 2, 1894. 

ZOSTEBOPIOJB. 

ZosTKBOPS Gontoi, Bonap, Green-backed White-eye. 

Noticed in small flocks or family-parties on almost every island or islet 
visited. They seem to have a special liking for man^oves. On several 
occastons they were seen dying from one islet to another. Mr. Lipfert found 
a nest containing one egg on Bat Island on November 23,1894. 

MoTAOILtlDKt. 

Akthcb ACBTBAI.IS, Vteillot. Australian Pipit. ' 

Helms obtained one of these birds on Gun Island. We. met witli a pair on 
North Island. No doubt they are only visitors from the mainland, and 
probably they belong to the subspecies A. a. hUbali, Mathews. 

SUMMl^r. 

Mamhsjls.—^T he two indigenous'species of Mammals are only found in the 
Wallaby Group, tlie Wallaby on both the l^ge islands, the Bat, as far as is 
known, only on East Wallaby Island. The latter fs probably, and the former 
certainly, subspeoifically distinct from thb* mainland species. 

Snakes. —^Tbe three species of snakes do not apjpear to differ from the 
mainland forms. At present two have hem» foand^ only on West Wallaby 
Island and the third on East Wallaby IMand. 

lazABDe.—^Four families are represented by^some 19 species. The seven 
species Geckonidse arc only known from tite Wallaby Group, the' two 
species of Pygopodidse only from West -Welh^.isIaBd, and the single species 
of AgainUisB from the Wallaby Islands and NoHh Island. The Scincide are 
represent throughout^ gropp, though ym only met witii the uoallor 
^cies of ijpgoioma oa^e the Walkby J&itwip; noo of ihe huger iorm, 
Mgertm etohrnVvms, however, forn^erly.^hWtbfni'^ Bu ldh^ 

FBoeMti---Nfdhiiig is knuwh 
Irom-tbegBoa^ . 


as lo 



twp epebies necordad 
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RlROS.~0f tlie 12 land-birds recorded from the Abrolhos, four (Kesteel, 
Robin, Song-Lark, and Pipit) are certainly only casual visitors, five others 
(Rail, Crake, Kingfisher, Swallow, and White-eye) are probably visitors 
from the mainland, though all but the Crake and Kingfisher have been kno\^n 
to breed ; the remaining three are almost certainly residents. 

Of these, the Pigeon and the Quail are found in the Wallaby Group and 
on North Island, the Scrub-Wren only on the Wallaby Islands. The two 
latter are subspecifically distinct from the mainland forms. 

Looking now at tlie different groups of islands we find that W^st Wallaby 
IslatuI has two snakes and two slow-worins confined to it, East Wallaby 
Islatid has one snake and one rat confined to it, whilst the two WalUxby 
Islands possess subspecies of a wallaby and a bird peculiar to them. 

The Wallaby Islands^ with North Island^ possess also one lizard and two 
birds not found in the other groups, one of the birds being a subspecies 
peculiar to the group. 

Tliis distribution strongly suggests that the whole land-fauna of the group 
has been derived from the Wallaby Islands One of the chief features 
of the weather on the Abrolhos is the prevalence during the summer of 

southerly busters,’^ extremely strong southerly winds. The presence of the 
two birds on North Island is thus easily accounted for, and it is noteworthy 
that the one lizard which habitually climbs bushes is the one which has 
managed to reach that island. Doubtless at times the bushes on the sand-hills 
whicli it freqtients are blown into the sea, and occasionally reach North Island. 

The fact that the smaller skinks are found on many of the small sandy 
islets seems to show that the sea is no great barrier to their distribution. 
Probably their eggs are not damaged by floating in sea-water for some time. 
The larger Spin^^-tailed Skink, Egemia stokesi, is a favourite food of the Sea- 
Eagles, and it is possible that individuals may be captured by them on 
the Wallaby Group and carried to Rat Island, and if one occasionally escaped 
this would account for their presence on that group. 

A striking feature of the Abrolhos laud-fauna is its southern character. 
Our knowledge of the distribution of animals in Western Australia is 
perhaps not sufficient to allow us to be dogmatic on the point, but there is 
every indication that when the islands were peopled from the mainland the 
fauna of the Geraldton district must have approximated much more than it 
does now to that of the extreme south-w est. The range of Maerrpus eugenii 
does not now extend much north of Perth, whilst Epimys fuseipes is only 
known from the south coast and the islands of the Recherche Archipelago. 
ihrtygodss nanus and Cosmopelia elegam are not recorded from farther north 
than the Uoore River, though it is not improbable that they may occur; 
Parzanmdea phmhea is not recorded from north of Perth. 

[A d^soassion on tbs ortgu) of the fauna of tbs Abrolhos Llaods will be given in the 
of tbs stMdes.—W, Jr. Djaa».] 
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The most northerly record thot I know for Dtmtoma ooronoto and {or 
Egamia vihitai, “Perth,” Is less than 30 miles north of Perth. Ljfgotema 
fiehardtont is known only from the Ahrolhos. The remainder of the species 
are found fartlier north on the mainlam), bat there is not one of them which 
is not found in the 8onth«w«st. 

SaoTioH 2.—Tbe Marine Vertebrates. 

SEA.-BIBDS. 


Sphekisoid j;. 

EuoTPTtTLA MINOR wooDWABDi, Matltews. Little Penguin. 

Becorded by Ball without (urtber partioulnrs. I know of no otlier record 
of its oocuneuce uoith of Fretnautlo, and consider the record needs confirm 
mation. 

FroeeUanifonnes. 

Hydbobatibm. 

Pelaciodroha marina DULOijE, Mcdhewt. White-faced Storm-Petrel. 

Gilbert met with this species on a small island about three miles south of 
East Wallaby Island. The young birds were almost ready to lease tlieir 
holes in January, ('’aiupbell found them nesting on Beacon Island; the 
burrows contiinod young abtfut 10 days old on Decembei 15th. Lipfert 
found eggs on a sand-patch off Wooded Island in November 1894 ; and Hall 
obtained eggs and nestlings^ on West Wallaby Island and Bontli Island, 
Pelsart Group, in Novembei 1899 

P B 0 0 K I I. A u 11 llJt. 

Pusmub ASbiHlUh iiiNNEYi, Mothewi. Allied Sheaiwater. 

Campbell obtained a sjieiimen of this biid at Bat Island, and Gibson noted 
them at several islands, prinoipally oB Wooded Island, where he obtained 
namerous almost full-giown young in the burrows (Novembei 1907). Hall 
states that the eggs have been found on Pelseit Group in July. We saw 
them SOS oral times about West Wallal^ Island. One individual was found 
sitting on the water in the daytime, o^Ars flying about at night, when, like 
the Mutton-birds, they seemed to be attracted by the lighto of the ship. 
They are not nearly^so abundant as tiie next spedes. 

a 

Thtbllodboma faoivioa onumoBHTMGBBA (i/SMon). Wedge-tailed Shear¬ 
water or Miuttott-hird. 

All tbose^who have written abtuit the ddiralbM haea raierrad to the ipstat 
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BBBib^rs of these birds. During the daytime they are to be seen Hying over 
the sea in the neighbourhood of the islands in small or large flocks. We 
saw them on one occasion in pursuit of a shoal of fish, on which Boseaie 
Terns, Dolphins, and Bonetas were also levying toll. Unlike the Terns, 
wliich dive straight down, the Mutton-birds first settle on the water and then 
plunge under, apparently with the assistance of their wings. When rising 
from the water the wings are half-spread, but not flapped, and the bird gets 
up the velocity required to start it in flight by paddling along the surface 
with its feet. 

On the islands they appear from ‘their burrows in great, numbers iis soon 
as it is dark, uttering the most weird and mournful cries. They are unable 
to stand on the ground, or to walk, so that they are obliged to use their 
wings, by whose aid they shuffle about among the bushes in a most awkward 
manner and are readily captured. They seem to be attracted by a light, as 
they often flew round the ship in the evening and once or twice came on 
board. 

On many of the islands, especially West Wallaby Island and the southern 
end of Pelsart Island, their burrows are so numerous that when walking over 
the areas inhabited by them one sinks in, almost up to the knees, at every 
step. Their burrows were also seen on Rat Island, Long Island, and one of 
the Pigeon Islands. Fresh eggs were found in them on Pelsart Island, and 
Mr. Lipfert obtained them on Gun Island. 

Daring one moonlight night I spent some time watching a Mutton-bird 
excavating a burrow in the sand. It used its feet alternately, throwing out 
an almost continuous stream of sand behind it to a distance of about a yard. 
The burrCws when completed extend to a distance of two or three feet into 
the ground at an angle. 

It strikes one as very remarkable that though the legs of these birds are 
not strong enough to support the weight of their body, yet they can be used 
for shovelling away sand continuously, apparently for hours. Moreover, 
they can use them as paddles on the water sufficiently rapidly to raise them¬ 
selves from the surface when about to fly. 

Maoronbotes gioantkus albus (Potts). Giant Petrel. 

A specimen in the W.A. Museum was obtained at the Abrolbos in 1894. 
Campbell stiites (10), on the authority of Beddoes, tliat they visii tlie islands 
every winter, which is not improbable, as they occur off Promantle every 
year during that season. The subspecific name which Mathews uses for the 
New Zealand and Australian form is singularlj unfortunate, as, so far as 
I am aware,’ every specimen obtained in Western Australia has been com- 
|detely dark in plumage without a single white feather. There are six 
speedmens in the W.A. Museum, and 1 have seen remains of several otiiers 
m the 
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DiOUBDSIDJ!. 

NBAtBATBTTB OBliOBO:iratKOH(;8 OABTEBl {BothschUd). Te11ovV-110(wd 
MoUjtqawk. ■ * 

A sknll obtained on FeUnrt Island in 1804 is in tbo W.A. Mnsenni. 
When on tbe unfortunate Federal tmwiing sbi]) ‘ Endeavour,’ in June 1912, 
I found these birds numerous iu the neighbourhood of the Abrolhos. 

Lariformes. 

L A H1 D iB. 

Htpbopbognb TSCHBOBAVA STBBMVA Caspian Tern. 

These birds oecnr in pairs or in small colonies on nearly all the islands, 
often nesting in company with other species. We found eggs or young birds 
on West Wallaby Island, one of tbe Pigeon Islands, Long Island, Wooded 
Island, and Pelsart Island. In most cases young birds were more uonjerons 
than eggs, and some of the young were almost fled^d. Mr. .Mathews, in 
the ‘Birds of Australia,’ states that the Australian form of Caspian Tern 
never nests in colonies, but on Wooded Island I counted eight nests close 
togeflier, whilst, judging by tbe number of old birds, there was a larger 
colony at one spot on Pelsart Island. Hall reported a colony of some 
13 pairs nesting on West Wallaby Island in 1899. 

Thalassbus beugh (LichteKHein)^ Crested Tern. 

Distributed throughout the islands. Breeding colonies were mot with on 
West Wallaby Island, Wooded Island, and Pelsart Island. The young birds 
wore much more numerous tham the eggs, and many of thorn were almost 
fully fledged. There are two specimens in tlie W.A. Museum from the 
Abrolhos, but I have been unable to decide 'ivbctber they should be referred 
to T. bergii peUcanoides (King) or T. gtotndolenm, Mathews. They do 
not appear to differ in size from birds frmu Barrow Island and Bedout Island, 

. which would be the former according to Mathews, but they are also similur 
to birds from the neighbourhood of Pm^, the type-locality of the latter. 
The only specimen in the W.A. Musfeum, which is decidedly larger than any 
of the others, is one from Esperance on flbe south coast. 

StBBNA COITGALLI GBACILIS {Goitld). SiiMwate Tt^rn. 

Tltese birds were met with in large floijb sitting on the reefs on Noidih 
Island, East Wallaby Island, Long Island, Bat Island, Wooded Island, and 
Pelsart Island. - We did net find them until the last day of our visit, 

when we fomd a considerable colony on norUt end of Pelsart 
which had just begun to lay on the piles fragments. Campbell also 

foood tbein aesibg (m Pelwrt lAland. > / ! .. ' 
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[Stsenula ALBIFBOHS TOBURNTI (Mathews). White-sfaafted Ternlet 

(/ampbell states that he saw a pair of these birds near Eat Island in 
company with Little and Caspian Terns. He obtained a skin, but appears to 
be doubtful whether it may not be a young S. nereis. The record needs 
confirmation, as tlioreis no other record of this species from the southern half 
of the western coast of Australia.] 

• Steiinula nebbis HORNi (Mathews). White-faced Ternlet. 

These little birds were seen on practically every island visited, and from 
their behaviour it seems probable that isolated pairs, or a few pairs together, 
nest on nearly all the sandy beaches or heaps of dead coral. We onl}' found 
nests on the east side of West Wallaby Island, where there was a colony of 
several hundred individuals. The eggs were fresh or very slightly incubated, 
one, two, or three being the numbers found in a nest. Campbell, Lipfert, 
and Gibson all found colonies nesting on Pelsart Island. 

Onvohopbiok FUSOATAiSERBATA (Waller), Sooty Tern. 

There can be no doubt that this is the most plentiful bird found on the 
Abrolhos at the present time during the nesting season. On Rat Island 
their numbers, are prodigious, they nest under almost every bush and iu 
many places also amongst the herbage ; there is also a very large colony on 
the south end of Pelsart Island and another on Wooded Island. In the 
Wallaby Group they are not found on the Wallaby Islands, nor on North 
Island, but there arc great numbers on all the smaller islands, the Pigeon 
Islands, Long Island, and Pelican Island. On Bat Island, Wooded Island, 
and Pelsiirt Island most of them had eggs at the time of our visit, though a 
fair number of young birds had already been hatched, but, curiously enough, 
those iu the Wallaby Group had scarcely begun nesting, as only one egg was 
found—on Long Island. 

Mblanosterna AN.ETHETUS NOV^HOLLANDiiB (Stephens), Bridled Tern. 

We only met with a single pair of this species on a small islet oflE Rat 
Island, and did not find a nest. Gilbert and Campbell both found them 
breeding in small numbers, but do not state on which island or islands. 
Lipfert and Gibson found a few nests on Pelsart Island. There is no doubt 
that this is the rarest of the Laridjc which nest in the Archipelago. 

Angus stolidus gilberti, Mathews. Noddy Tern. 

This species nests in very large numbers on Rat Island and the south end 
of Pelsart Island, whilst there is a smaller colony on Wooded Island. Jn 
each case their colonies occur amongst those of the Sooty Tern, most of the 
nests being bnilt on the bushes, though in many cases they are flat on the 
ground j these Utter appear to be those of birds which have failed to obtain 
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B site on th^ top of the bushes wi&in 4he limits of the eolony, end, rather tbaii 
utilise bushes only a few yards away from the rest of their speoiem they are 
oouteut to take up a poation on the ground. At the time of our visit the 
majority of the nests ooatained eggs, though many young birds had already 
been hatched. All previous writers on the group have referred to the 
absurd tameness of the Noddies : they have to be lifted from the nest in order 
to see what it contains, though this has to be done widi caution ns they, 
give vicions pecks with their beaks. Many of them undoubtedly fall victims 
to the oats, and were it not that these latter are kept don n by the diflicalty 
of finding food at other seasons of the year, when they appear to feed chiefly 
on crabs, it would doubtless not be long before the Noddies were exterminated. 
As it is, their numbers are only exceeded by those of the Sooty Terns. 

Mboaloptbbus TBmnRosvBis KEtAKOFS (Goul^. Lesser Noddy. 

These birds were discovered on Felsart Island by Gilbert in 1842, though 
Stokes had previonsly observed their curious nestl. Gilbert’s remdrkably 
vivid account of their numbers and nesting-habits, first rend by Gould at tho 
meeting of the Zoological Society on February 27, 1844, and published in 
the P. Z. B. for that year, has been quoted by every writer who has since 
dealt with this subspecies, for the colony on the Abrolhos is still its only 
known breeding-place. The following quotations give jnn idea of the nninber 
of birds at the time of Gilbert’s visit. He wroteI have seen inany vast 
flocks of birds, but I mast confess I was not at all prepared for the surprise 
1 experienced in witnessing the amaxing clouds (Irlerally speaking) n Inch 
these birds present when congregating in the evening .... even Audubon, 
who has been so aconstoined to see suoh vast flocks of (be passenger pigeon, 
could hardly avoid expressing surprise if he bad an opjmrtunity of seeing 
these birds at sunset, moving in one immense mass over and around their 
roosting-plaoe ; while the noise of the ^Id birda’ quack and tbo piping whistle 
of tho yonug ones is almost deafening.” 1 regret to b.ive to record that 
these great flights, like those of the passenget pigeon, are now a thing of 
the past. (Jampltell wrote in 1890“ Now that a successful guano dep6t 
bos been established upon Pelsart Itdiind, no doubt in time the limited supply 
of mangrove trees will be used for fuel. What thon will become of the 
extraordinary flights of the liOsser Noddies as they go to and from their 
fishing grounds? I trust the photogra^s I took will not soon be the ‘ light 
of other days.’ ” Mr. Lipfert tells me when he visited flie Ahrolhrfe 
five years later, in 1894, the birds were still nesting on Pelsart Island, as 
tiiey wore also at thettime of his visit with Helms in 1897. Hall also found 
them there in 1899. 

On Gibson’s visit in 1907 they were only fotutd <mi Wooded Island, so 
that some time during the intervening e^^t yenes the whde eoloBy moved 



VSBTKBRATB FAUNA OF HOUTMAN'S ABROLHOS. 478 

from one group to another. It is a great pity that it is not known how this 
exodus took place, nor for certain what was its cause. The catting down of 
the mangroves, suggested by Campbell, has not taken place, as I believe 
they only furnish very inferior timber for burning. Prof. Dakin tells me 
that some years ago the soil of the mangrove swamp was dug out from 
the roots of the trees, being almost pure guano, and probably this disturbed 
the birds so much that they removed to tlieir new home. 

Wooded Island, in spite of its name, has not so many mangroves as 

Pelsart Island, and almost every tree is covered by their nests. Their 

numbers at the present time, however, cannot be anything like what they wore 
30 years ago, as they are certainly far fewer than either the Sooty Terns 
or the Noddies. Moreover, there is every reason to fear that they are still 
decreasing, for every ocenpied nest on the trees there arc several old ones, 
and Prof. Dakin tells me that on his last visit, in 191.5, he thought there 

were fewer nests ocenpied than when I was with him in 1913. I can 

suggest 110 reason for this decline; there are no obvious enemies of these 
birds oil Wooded Island, but it aiipears that the guano accumulated below 
their nests on Wooded Island is likely to be worked before long, when 
presumably they will have to make another move. This could not have 
been long delayed in any case, as the accumulation of the guano round th(^ 
roots of the mangroves is rapidly killing the trees, and it is unlikely that 
the birds would continue to nest on the boughs of the dead trees. It is to be 
hoped that a change to another island may lead to an increase in their 
numbers, otherwise I fear they must be regarded as the last reniiiant of a 
dwindling race. 

Bkuchigavia NOViBHOLLANDiiffi LONOiKOSTRis {Masters), Silver Gull. 

These birds occur throughout the gioup. Small colonies were found 
nesting on West Wallaby Isluiid, an islet oflE liat Island, W^ooded Island, and 
Pelsart Island. A few eggs were still not hatched, and young birds were 
met with in every stage from newly hatched to fully fledged, 

Gabianus pacificos geokgu {Kimj). Pacific Gull. 

Not so plentiful as the Silver Gull, but distiibuted over all the islands. 
No eggs were found, but young birds half-grown or fully fledged were noted 
on West Wallaby Island, Long Island, Wooded Island, and Pob'irt Island. 
Mr. Lipfert found fresh eggs on an island ofE Jtat Island on October 7, 1894. 

Clharadriifbnnes. 

Arenabiip^. 

Abenaria intbrpbes OAHUBNSis (nioxham). Turnstone. 

A very common summer visitor, found round the shore on all the is’and«. 
lilNN. ^OUBN.—ZOOLOGY, VOL. XXXIV. 35 
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HiftXATOPODIDJi. 

HiBiaTOPini O8TBALBQ0S PiOAPtus (Khg). Pied Oyiter-oatcher. 

Small parties of this SjiHSoies, or in some cases only single pairs, were semi 
on Korth Island, East and West Wallaby Islands, the Pigeon Islands, and 
Pelsart Island. On the latter they were several times met with on the ridges 
of broken coral in the centre of the island, snggestiog that they were nesting 
there, bnt no nests were found. The -two specimens from the Abrolhos in 
the W.A. Mnsenm are referable to the northern neejneatus. 

HanrATOPUS NIOBR BBBNiEai (AfatAem). Black Oyster-oatoher. 

These birds were seen on the reefs at North Island, West Wallaby Island, 
Wooded Island, and Pelsart Island. They were not quite so numerous as 
the preceding species, with which they often associated. Mr. Lipfert found 
a nest containing one fresh egg on November 24,1894. 

Chabadbiidxi. 

SqUATABOtA SQ0ATABOLA HTPOMELAS (Pallas). Grey Plover. 

A specimen in the W.A. Museum was obtained on the Abrolhos in the 
summer of 1894. We saw a flock of birds, either of this species or Golden 
Plovers, on the shore of West Wallaby Island. 

IiB0OOPOLl0B nuPiCAPiLLUS TORuaNTX (Mothtws). Bed-capped Dotterel. 

Very abundant on the sandy shores of North Island and East and West 
Wallaby Islands, bnt nut met with in the southern group's, where sandy 
beaches are anusaal. Breeding was appai'ently over, or nearly p, as young 
birds were often seen with the adults on the betiohes, bnt on West Wallaby 
Island pairs of birds were met with on the sandy flats in the inteiior ot tbe 
island as if nesting. 

SOOLOPAOID^. 

Ncmknius CYANOPiib, Vieillot. Australian Curlew. 

Campbell met with this species in the Wallaby Group in the summer of 
1889. 

Pb^pus phasopus vabiegatus (SeopoU). Whintbrel. 

Campbell records that he saw a small flock at *' the mangrove swamp” on 
Pelsart Btlcnd ou December 23, 1889. 

ViTojiA iiAPPONzcA BADSBi (JVatcmcptB)* BarredUrumpcd iCodwit. 

Idpfert shot a specimen on Gnn Iilaiid)»the mUnmer of 1894. 
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HiTJtsosoBiitrB moANtra bbbvipbs ( Vieilht). Gre; -nimped Sandpiper. 

A specimen in the W.A. Mnseum was obtained on the Abrolhos bj 
Lipfert in tlie sammer of 1894. 

Aotitis htpolbUcus aohitds (Latham). Common Sandpiper, 

A specimen in the W.A. Mnsemii was obtained on the Abrolhos by 
Lipfert in the summer of 1894. 

Glottis xbbulabius glottotdss ( Vtffors). Greenshank. 

A specimen in the W.A. Mnseam was obtained on the Abrolhos by 
Lipfert in the sammer of 1894. 

PisoBlA VIKDTA RCFICOLLU (Pallas). Little Stint. 

Frequent, especially about the Wallaby Islands. Becurded by Gilbert and 
Campbell. Four specimens shot by Lipfert in the summer of 1894 are in 
the W.A. Museum. 

Erolia fbbrdoinea chinkksib (Gray). Curlew-Sandpiper. 

Seen on the shores of West Wallaby Island. Recorded by Campbell. 
A specimen from the Abrolhos is in the W.A. Museum. 

Antbliotringa tbnoirostbis (Horsfield), Great Knot. 

A specimen obtained by Lipfert on the Abrolhos in the sammer of 1894 is 
in the W.A. Museum. 

No doubt this list of wading birds would be enlarged by further collecting, 
as several other species commonly found in South-West Australia during the 
summer must visit the Abrolhos at times. 

Ardeiformes. 

Ardbioae. 

Dbhigrbtta sacra oooktowbi, Mathews. Reef-Heron. 

Seeu on the reefs at Noi-th Island, one of the Pigeon Islands, Rut Isbmd, 
Wooded Island, and Pelsart Island. Two nests a ere found on AVooded 
Island, in Iwth cases situated on a ledge of rock behind a bush under an 
overhanging cliff at the edge of a lagoon. One nest was empty, the other 
contained two fresh eggs. All the birds were blue, except one ul a pair seen 
dying together at North Island which was uhite. To my mind the evidence 
points to these two forms being au example of dimorphism within the species, 
and I am therefore using the well-known name of sacra for the species. It 
was rejected by Mathews as having beeu applied to an intermediate form 
whieb he regards as a hybrid, bat whether the two forms are distinct species 
or oot,l think ihe evidence is clear that a true Meudelian segregutiou occurs 

35* 



476 


Hit. V. B. AltEXANDBR OV THJC 


vrheo they breed together. In 'Uiat ease the origin of tbe rare intermediate 
forms may be dne to inoomidete segregation or Uiej may be simply Tariations 
oi the white form. It is a pure assumption that they are of hybrid 'origin, 
hence I think the name loera shonld be retained. 

Ajuerifomei. 

AnATIBiB. 

Cbbnopis atbata {Latham), Black Swan. 

I am informed by Mr. 0. Lipfert that a specimen was shot on Q-nn Island 
in 1894. It is distinctly sarprising to find that this bird fSes so far out to 
sea, especially as the islands do not afford lakes of the kind usually frequented 
by swans. 

[ViBAQO OASTANEA {Eifton), Green-headed Teal. 

Campbell states that this species occurs in the Wallaby Islands. In view 
of the confusion between this species and V. ffil/beri/rotis, and the absence of 
any specimens, the record requires confirmation.] 

Belecaniformes. 

PhALAOBOOOBAOID JE. 

Htpoleuous vABius FBBTHt, Motfitwi. Pied Cormorant. 

These birds are found everywhere round the islands. We only found one 
colony nesting on West Wallaby Island, where they were in company with 
Caspian and Crested Terns, and Silver and Pacific Gulls. The nests con¬ 
tained fresh eggs, and when the birds flew off at our approach the Silver 
Gulls seized the opportunity to feed upon the eggs of their more timid 
neighbours. 

On an islet off Bat Island, we found the nests of an old colony not being 
used that year. On a iitUe island at the western side of the lagoon, south of 
the Wallaby Group, we found a number of eggs lying about among the 
boshes. Cormorants were sitting on the shore on this islet, but they were 
evidently not nesting there, as there were no nests and the eggs wWe on or 
under the bushes promiscuously. Mr. Lipfert obtained eggs on Middle Island 
in 1894. 

Ph^STHONTIU JB. 

SoiBOFHJCTBOM BDBBiOAUDA WESTBAius, Mothtth. Bed-tailed Tropic Bird. 

A pair of these birds with their single egg, obtained by Mr. Lipfert on 
Bat bland in November 1894, are in the W.A. Museum. 

Subsequently Beddoes wrote to Campbell (10) that he had “ found Tropic 
Bird nmting on Pelsart Island, mionth Pebimary, two eggs, botih hard-set. 
Following February two nests, same kind, were taken on fiat Island; two 
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eggs in each.” Mathews, in commenting upon this record, remarks i^t one 
egg is the nsnel clntch, and it seems to me probable that the late Mr. Beddoes 
made some mistake in the matter. 

[Lkptofbasthoh XJS7TUB0S DOBOTBFiE, MttJthtves. White-tailed Tropic 
Bird. 

Becordod by Campbell as an occasional risitor, bnt he does not state that 
he saw tho species himself nor on what evidence he relied. As there is no 
other record of the s^weies on the west coast of Anstralia it requires sub¬ 
stantiation.] 

pEt.BOANIDiB. 

CATOPTBOPEtKOABUS ooKSPioiLLATOB {Tmm. Louff.). Australian 
Pelican. 

Small parties of those birds were seen on West Wallaby Island, opposite 
Pelican Island, as well as on Rat Island. We found no evidence that they 
were or had been nesting, though I specially visited the small island known 
as Pelican Island, as its name and the presence of pelicans in the vicinity 
suggested that it might be their stronghold. 

Oanipbell states that they have been known to nest on Pigeon Island, 
whilst Gibson was told that they nested on West Wallaby I«l(ind, appro¬ 
priating the nest of the Pied Cormorant in which to lay their eggs. Both 
state that tho breeding-season is early (Sept., Oct.). 

Faloonifomes. 

AquILIDA!!. 

CuHOTJiu LXU 006 A 8 PEB {Gmelin). White-bellied Sea-Eagle. 

These birds were met with on North Island and all of the southern groups. 
Their nests were found on several of the small islets in the Wallaby Gioup, 
bnt the young had already flown. Campbell states that they lay in Sep¬ 
tember. Judging from the remains met with round the nests, they feed 
chiefly on the larger lizards and on Mutton-birds and Terns. 

Pandionidac. 

PabbIob bauaStcb obibTATDB ( Vieillot). Osprey. 

Much more numerous than the Sea-Eagle, especially on Pelsart Island. 
Their nests were found on all tho groups, generally on small islets. On 
Pelsart Island, wliere they nest on the island Itself, three nests were fomid, 
in each of which was a fully-flodged young bird. Though these were 
apipare^tly able to fly they did not attempt to do so, bnt either lay flat in 
the nest or adopted a threatening attitude with their wings raised and 
laathsn spread. The old IfltdB, meanwhile, oiroled round high in the air 
Btfeering &1M11 csicil. 
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MAKKAUA. 

CiniiTinm Finu^pedia. 


Otabiidje. 


SoHBToms Aiaiooi^LiB [Firm), White-necked Hair-Seal. 

[0(am cMfoUu, Pdron, Voyage de Hdoonvertes aux Torres Ansti^ides, 
Tol. ii. p. 118 (1816) ; J. W. Clark, P. Z. 8.1875. 

Aretocephalm Iciahu, Cray, Spioilegia Zool.^ part i. 1828; Gray, Cat. 
of Seals and Whales, 1866; Gould, Mammals of AnstraUa, toI. iii. 
pi. xlix. 

Otaria atMtralis, Quoy & Gaimard, Voyage de I’Astrolabe, Zool. vol. i. 
1830. 

Arctoe^halm auttralit. Gray, Oat. of Seals and Whales, 1866. 

Zatephus lobatu$, Ogtlby, Oat. of Aastralian Mammals, 1892; Lttoas aad 
Le Soaef, Animals of Anstralia, 1909.] 

Hair-Seals were noted on the gronp by Stokes; and Gilbert secured 
specimens which were figured by Gonld in his 'Mammals of Australia,’ as 
well as writing an account of their habits. They were evidently very plentiful 
on the Abrolhos at that time—at any rate, in the breeding-season. Nowadays 
only a few individuals aie to be seen there, as on most other parts of the 
West Australian coast. 

I have given a full synonymy of this species, as, though Gould expressly 
states that he was not sure ot the proper name to use for his Abrolhos speci¬ 
mens, he was, neveitheless, followed by 0|^lby and by Lucas and Le Souef, 
the only recent writers, so far as 1 am aware, who have mentioned the 
species. Z had reached the conclusion that Pdron’s name should be used 
before I read the jjaper by J. W. Olai^ and was confirmed in*my view by 
finding that be had reached the same conclusion in 1875. 


CctoOMU BAL.a:iiii>jB. 

MBOAmBA LOKfliMANA, Mud. Humpbaok Whale. Portions of the 
skeleton of a whale of this species were lying about on the shore of Pcisart 
Island. In Oct. 1914, when travelling down the coast on the ss. ‘Minderoo,’ 
I saw a number of Humpbacks in the aei^benrhood of the Abrolhos. 
Prof. Dakin tells me that some came into Wkide Pay ill the Pelsart Group 
during his visit id 1915—apparently, as We ward tdd by the fishermen, to 
ecrape themselves on the rocks. 

i 

DzLvmmvM. 

[SoTAtu OAHAKU Gadamu Dolphiu. This appMrs to be the 

oommon “Porpoise” of the West AustnOfim ooast, and I prOMme that the 
specimeas se<m at the Abrolhos belong to tjcfai i^pMias, hut is at mosent 
no definite soecimHsn firom the group to fib pohni} , 
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HHPWLIA. 

Chelonia. 

Ohelokixdjb. 

Chblonia mydas, Linn, Green Turtle. 

This species visits North Island and West Wallaby Island, but we were 
not fortunate enough to see any *. 

It IS curious that no species of Sea-Snake has yet been recorded from the 
Abrolhos, as several species occur farther south on the mainland. 

FISOBS. 

A considerable number of small collections of fish have been made at the 
Abrolhos from time to time. Some coloured drawings were made by Lieut. 
Emery, one of the officers of H.M.S. ^Beagle’ in 1840, and are referred to 
by Richardson (11,12), and it is possible that specimens were aKo obtained. 
Richardson (12) aUo refers to specimens collected by Gilbert in 1842, and 
Ogilby in 1899 described (13) some fish collected at the Abrolhos by 
Mr. A. M. Lea. 

Most of the records in the following lUt, however, are based on specimens 
in the Western Australian Museum. Of these some were collected by Saville 
Kent, some were preftcntcd by Mr. F. 0. Broadliurst, others were collected 
by Lipfort in 1894 and 1897, and Conigrave in 1907 ; whilst, finally, the 
spechnens obtained on the two Percy Sladen Trust Expeditions have been 
added. 

Unless otherwise stated the reason for inclusion in the following list is the 
presence of a specimen in the W.A. Museum^ 

Plevurotrcxnata. GALEouHiNiDiB. 

Galbokhincts AKTABOrious {Gunth), Guiumy Shark. Two specimens 
caught o£E the north end of Pelsart Island in 1913* 

Hetebodoktidae. 

HbTSBODONXUP BHILIPPI, Bloch 4* Schneider, Bull-head or Port->tlackson 
Shark* Several fine specimens caught at North Island in 1913. 

Hypotreaiato* Bhinobatxd^. 

R&XKOBAXue BAN&8U, MMer ^ Bcnle* Shovel-nosed Ray. 

f 

OLtrpxiDiB. 

Ot-OTAKODOiir imonLOHABDUB (iSKbitmL). AostraliftQ Pilobard. 

• aMOttttoacoalottoftiw Mapedittaa of 181&—W. J. Daxim,] 
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OojroBBTKoaioBB. 

Gobobhtkobus OBBTi, Hick Beaked Salmon or Rat-fish. 

Oitttk^^yai, Asiinx. 

[Galxichtbts TBALASSiiroa, JS%p. Salmon Oat-^sh. A poor specimen, 
probably of this species.] 

PliOTOSlD Ji. 

Gbidoolakis mxoastomub (Eichi). Sstnary Cobbler. Yonng spedraens 
obtained in 1915. 

ApodS*. MURjEBID^. 

Lyoodobtib woonwARDi {McCulloch), The type of this speotes was from 
tho Abrolhos (see ‘Records of WA. Mnsenm,’ toI. i. p. fid), and to it 
HoCnlloeh assigns the speoimon from the Abrolhos referred by Richardson 
(18) to Muraena mMh. A third, yery yonng, specimen Was obtained by' 
Frof.^Dakin in 1915. 

SyBeatogntttbi HsKiBHAMPHinji. 

HtPOBHAiiruns XBtEBKEDros (Cant.). Sea-Qarfisb. 

Fercesooes. Sfbtb jibio a. 

Spbtrjeba obiusata, Cuv. 4* Val. Sea-Pike. 

/ 

Betyeomor^ Bbbyoida. 

Tbaobiobthodxb AFHBIB {GibUh.). ^Kannygaior Red Snapper. 

Perooidea. Sebbabidb;. 

, Tbbbapob bombbaub, OffUhjf. The type came from Felsart Island, and 
tke species has not been obtained except in tke Abrolhos grcnp. 

AoAirranraos sbbbatub, Cuv. Sf Val. Wirrah. 

Bpibkphxlub xebba, Bloch. 

BnBBPaBi:.i7B fasoutus (Forth.). 

Bm»bphbu»ks leai, Offilhy. The type was from Felsart Island. It 
wonld appear rather doubtful whether the spaBces is redly distiaot from 
JE. armatut (Cast.). 

OoLPOaKATHDS OBK1»X, Cdb. ^ Voi. 

HYPO]n.BQTSODIIB BISBOBUBBUX, <?««. k Vd. 

DAwmeau txBBATA, Catt. 
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PliXSIOPID Jl. 

PabapIiBSIOPB MBLBAOBiB, Petert, A small specimen obtained in 

Ohilodiptbbid AC. 

Auia bueppblu (Gunth.). Qobble-gnts. 

Sill AGiKiDJE. 

SiLLAOO BASBBBSIB, Cuv. <$* Val. School Whiting. 

OABANOIOiB. 

Oabahz qbobgiahus, Cuv. 8f Val. Skipjack. 

Tbaohubvs DBOLIVIS, Jenywt. Horse-Mackerel. 

OKKTBOPOHIDiE. 

Glauoosoma hbbraiocm, Pieh. Jow-fish. The type of this »pcioB was 
from Abrolhos. Several were obtained by us. It is the best food-fish found 
in the group. 

Latbs oalcabifbr, Bhch. Giant Perch. 

LUTlAiriOiB. 

LummJS OBBTSOTiENIA, BUek. 

NEHIPTEBIDiG. 

SoOLOPStS BIKAOULATUS, Rupp. 

LrXHBIKIDAC. 

Lethbinus opeboulabib, Cuv. 4' Val. 

Pemtapus viTTA, Cuv. 4‘ Butter-fish. Obtained by us at North 

Island. 

Spabid BE. 

PagbosokOB attbatob (Fortt.). Schnapper. The chief food-fish of the 
group ; it is stated to bo mudi less plentiful than was formerly the case. 

Spabub sabba, For$k. Silver Bream. 

SOOBPIBIB A 

NBAttPUB OBLXQinrSt Watte. The type was from the Abrolhos (see 
Beoords of Austral. Must vi. p. 64^ ; a second specimen from off Geraldton 
WBS presented to the WJk. Mueeum by Prof. Daldn in 1918. 
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KrPHOSlD^. 

Ktpbosus BTDNKTAKira, BofEale^Bream. 

GlBXIitlDKC. 

TxpBBKion) TBFBKKiOPB (jRteA.). Boffalo-Breum. 

EKOPIiOSIOJS. 

Ekoplosub abmatus {SStaw). Old-Wife. 

OHAETOnOKTIDJB. 

Miobooakthos btbigatob {Cuv, 4 - Val.). Footballer. 

Ohibokbmioae. 

THBEPTXBititt XAOULObUS, Rich. Spotted Eelp-fibh. 

OHltODAOTTLIDAS. 

Gokubtius GlBB08tJS> Rich, Magpie-Fercli. 

Daotylophoba HioBicAKB, RUh. Busky Morwong 

POMAOXKIBIOX. 

Htpsipopb moBouspiB, Giinth. 

Labbiuas. 

PbXUDOIiABBOB PABILUS (Rich.). 
liXPlDAPl>OI8 VOliPiNUB (Rich.). 

Aohjbbodob oouldi (Rich.). Blae Groper. We obtaioed seveial of 
diese fish; litey are very good eating when fresh. « 

OoBSS AtrsiODi<ABi8, €u». ^ Pol. Parrot>fiBh. Probably the oommonost 
fiab of the group. Extremely variable in colonr, bat tlie dark % to tho 
opercnlnm is characteristic. Lieut Emery made drawings Oif two coloniv 
varietieB in 1840. 

OpHTHAIiKOtSPIS UKXOLATUB, Cuv. ^ Vol. BldnhoW>fish. 

THAtiABBOiiA AtrsABE (lAm.). CresosnHiail. 

TOAt^JBBOXA AKX1TXK8K, 

a > 

tb«M two speoies of Thalaucmui seawk always to ooonr togeiker, and it 
seems to ms probable that they are the twO sexes of the same spceles. 

OoACioJi., r 

Ch>Ax KMEkAimiaMt, iShMh. Woeiie at .. 

Oixomiofa QYAKd^^ 
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Boabidjb. 

HvrxBosoABTrs iuahintobits, Catt. 

I’mcDOBOABUS OKTNOONATHUV, Bleek Beoonled {roin Pelsart Island bv 
Ogilby. 

GobiddeB. GoBiiDii. 

OALl.oaoBiU8 UUOOSUB (Gtmth.). Obtained in 1915. 

Several other species of Goby have beon obtained, bnt have not been 
identified. 

Blennioidea. Bliebniidje. 

Blbkniub tabhanukus, Mieh. Obtained at Sandy Island in 1913. 

Other Blennies hare been obtained, but not identified. 

(*OBGBOOADlD^. 

OoNOBOGADDb 8UBDVOBK8, Rkih. 

Soorptsnoidea. Soobpasnidab. 

Sykabcbja bobbida (Ltnn.). Devil-fish. 

NBOSBBAbfBS PAHDA (Mtck). Tfais Species was founded on a drawing made 
by Lient Emory at the Abrolhos in 1840. It is also in the W.A. Mnsenm 
oolleotion. 

SOOHP^A 8UUPTU08A, Ccut. 

Pl.AXrOBPBAI<lD^. 

Plattobpbaaub basubhsis, Cuv. ^ Vtd. Flathead. 

TbIOIiIDAC. 

Oheudomiobthtb buhb, Lett tf Gam. Gnmaid. 

PlMtogEAtibL BALIbTlDJE. 

MobacaNTBDB OB1BXN8I8, Bhck. Becorded from the Abrolhos by 
Biebardson. A specimen was obtained by Prof. Dakin in 1915. 

MOBAOABTHBB laBBABTIBUB, Bkh 
OABTBBBaiXb OBAinnAXOB (SUw). 

Oabxbbbwm hippoobbpib (Quay 4 Gaim.). 

OuxoDmoB KAOOBUUKiHl, WdiU. The type-Bpeoimen came from the 
Abtalliot (see Beoords of Aostnl. Huseiunt vl. p. 81). It has not rinoe 
be«kBa«t«i&. 
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ItlU yf. 8. ▲LBXANt>S8 ON TBB 


OSTBAOIOXVIO Af. 

AhOPI^APBOS tBNTIOTIIiAJRIS, Bich. 

Titbodoktipais. 

SraBBcnosb PLfcoBooBAXMA, Regm. BW-fiali 
MionlfttL Batbaohioac. 

OOKPZiOHTHTb DIBKBXBU (Rich.). Recorded £rom the Abrolhos by 
Htohiirdwm. There ia a apeoimen io tlie W.A. Maaenm. 

SUMMARY. 

The marine fannn of the Abrolhos Islands was stated by Saville Kent (14) 
to bo a remarkable miatnre of temperate and tropical forms Apuit from 
the corals, which are outside the scope of the present pai>er, he specially 
instanced the Hsb, many of which he stated weie common to the Abrolhos . 
and tibe Barrier Beef and Toires Straits. It nili be worth while therefore to 
examine how far his statement is borne out by the distribntion of the marine 
vertebrate recorded in the present paper. 

SiA-BlBoet—-The 36 species of sea-birds which occur on the gronp may be 
divided into the foUoning groups. Summer tasttors—11: wading birda from 
the Kortiiem Hemisphere, aU of which travel farther down the coast than 
the Abrolhos. Winter viiitors — 2t the Yellow-nosed Albatross has been 
recorded from as fur north as Point Oioatvs, tiie Qiant Petrel has not been 
met with north of the Abrolhos. The bteeding*'plaoes of both are unknown, 
but are doubtless much farther south. Other southern sea-birds probably 
occur about the Abrolhos in winter, hutf almost all the oolteoting done on the 
group has been carried out in summer, i'aeuat 1: the Black Swan. 

The remaining 22 species all brood on the group. Of these 12 are forms 
found breeding in other localities along the wMt coast, both north and sontli 
of the Abrolhos. Four are not known to breed fartiier north than the 
Abrolhos, vis., Pelagodroma marina dukice, amtuiU* ttmnegi, Stemula 

ntreit komt, and Gabtamu padfieue georgH. Fivtf are not known to brood 
farther south than the Abrolhos, vis.. Sterna daufftdli gtadlit, Ongduiprum. 
fueiata eerratat Anmu tUdidtu gilherti, Bamaiopm oetralegue pieatue^ and 
Semophaethon ndndeauda wtiralit. The Abrolhos form of the Lesser Noddy, 
Megaiopterw tenmroetru mflancpt, is not known to breed anywhere else, 
but as its near ally JU. tenmroetrie teimradru broeda In the S^obelles it 
may be aoooontod a northern ^m. 

Jtidgin|( from the sea-hirds, therefore, we may oondude that there is a 
dis^not admistaire of northern and snutiesm forms, and th« three most 
pleutifui spMstea—4he Sooty Tbm, Nodbl^, Mtd Imtiee all forms 

vrhioh area^MOiidly ch^ctmnstkt of tMpit^ kdMiiht! 
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Mariitb Mamuals.-—No conclusions can be drawn from the presence of 
the Seal, as it is, or was, found all round the western half of the continent. 

Rbptilbs.— The Green Turtle, plentiful in the north-west, has not been 
recorded from farther south than the Abrolhos. 

Fish.— The fish-fauna of the north-west coast of Australia is still too little 
known to allow of a very complete comparison of the northern and southern 
forma found at the Abrolhos. Sixty-seven species are recorded from the 
group, of which 5 are not at present known from any other locality, and 4 
more do not appear to have been found on the west coast of the mainland. 
Of the remaining 58, 14 are found generally along the coast-line, 34 do not 
appear to have been found farther north than the Abrolhos, and 10 are not 
known from farther south. Of these 10 species, two, EpinepJielus merra and 
Lethrinus opercularU, have been obtained as far south as Now South Wales 
on the east coast of Australia, so that their most southerly record on the 
west coast is not remarkable. The remaining 8 northern forms are as 
follows i^Lates calcanfer (N. Australia to India), Lutianus chryaottvnia 
(N.W. Australia through Malay Archipelago to Nicobar Islands), Scolopsis 
bimaculatus (N. Australia to Ohina, India, and Red Sea), Tlialassoma lunare^ 
and T. aneitense (N. Hebrides, Norfolk I., and Lord Howe I. to N.W. 
Australia), Congrogadua $uhducens (N.W. and N. Australia), Synanceja 
horrtda (N. Australia to India), Coryzichthys dtemensis (N.W. and N. 
Australia). 

These 8 species certainly appear to range further south on the west coast 
of Australia than they do on the east, but there is no good evidence that 
they occur much further south on the Abrolhos than they do on the mainland. 
From the next area northward of whose fish anything is known, Shark’s Bay, 
at least 4 of these species have been obtained, vi/., Lutianus chysotania^ 
Thalassoma lunare and T, aneitense, and Synanceja horrida. 

It will be worth while to quote here Savilhi Kent’s summary for contrast 
with the foiegoing facts. He states (14)—“The fish fauna of Houtinan’s 
Abrolhos was found, as might be anticipated in viitue of its essentially 
migratory constituents and its proximity to areas of relatively cool water, an 
interesting admixture of both tropical and temperate specieb. Conspicuous 
among the fishes indigenous to the temperate Australian sea-board may be 
mentioned such species as the Schimpper [Pagrus major), the Sergeant Baker 
(Aulopus purpurissatus), Australian Whiting (Stllago dbata). Yellow-tail 
{Senvila gigas), and a species of what in the Sydney in.uket would be 
designated a Morwong (Chilodactylus). (Iiaracteristic tropical fish were, on 
the other hand, specially represented by imiumorable varieties of Parrot- 
fishes, Labridss and Scaridm. Many of these, it is interesting to observe, 
Sidioh as species of Julis and Fseudoscarus, had not been met with by the 
writer fiirther north on the Western Australian coast, but were familiar to 
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hiiOy as in the cBsa of the HolothnridBe, as inhabitanti of Tornu Stmitf and 
tile Qaeensland Great Barrier re^on. Sach apeoiee, ugaia, aa FhUut 
orbieularU and Metoprion Johni, the Golden Sohnapper of Thnradaj Island^ 
Torres Straits, tnaj be mentioned among the essential^ tiopioal forms that 
were found frequenting the Abrolhos reefs.” 

We may, perhaps, suggest that tiie “innumerable varieties of Parrot-fishes” 
were chiefly forms of Coti$ aurieulam^ which, as already mentioned, is the 
commonest fish and is veiy variable in colour; the record of PMm orUevt- 
lam may refer to P. teira, which has been found on the west coast as far 
south as Fremantle, whilst Lutiamu ehrysotcenia may have been mistaken by 
Seville Kent forX. {Metoprion) johai. Otherwise, it would be strange if the 
few species mentioned by him in support of his statement had none of them 
been obtained by anyone else. 

To the writer it would seem more remarkable that the fish-fauna of the 
Houtman’s Abrolhos coral-reefs should consist mainly of species characteristic 
of the southern coast of Australia, than that a few of the tropical species 
associated with coral-reefs further north should be found there. 
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Ann4Udes Pol yoh^tes de PArohipol Honiman Abrollios (Anstralie Ocoidontale) 
recneilliea par M. le Prof. W. J. Dakin, F.L.S.* Par Pibrbb Fauvel, 
Profesaenr k i’Uaiversitd catholiqno d’Angera. (Communiqad par le 
Profeaaeur W. J. Dakih, D.Sc., F.L.S.) 

(Area 2 figuies dan» le texte.) 

[Lu le 17 man, 1921.] 

L'abchipbl d’ilea ooralliennea ddaign^ soua la nom da Hontinan Abiolhoa eat 
8itn4 autre 28° 15' at 29° de latitude and. Bien qn’il no aoit eloign^ qua 
d’una qnarantaine da millea da la c6te occidantale de PAnstralie, il aemble 
jouir d’un oliniat netablement plus chaud qua le coutinent voiain k la m^me 
latitude. 

Tout a a moins, la temperature da la mer y est-elle de quelquea degres plus 
('•levee. 

Le pbenom6ne aemble avoir pour (muse une pointe meiidiouale formee par 
un courant chaud de POcean Indien. Qooi qu’il en soil, les conditions de la 
vie marine doivent s’y rapprocher aingnli^rement de celles qne l*on rencontre 
dans la zone des tropiques, anssi les coraux j piospcrent et ce petit aichipel 
eat probablement le gronpe d'attolla le plus meiidional connn. 

Dans one nqte preiiminaire fort interessante, M. le Prof. Dakin (1917) a 
expose ot disoute en detail <mtte situation oxceptionnelle qni Pa engage k 
entreprendre Pexploration rationnelle des Houtman Abrolhos, principalement 
an point de vue fannique. 

11 etait, en effet, intdressant de se rendre compte dans qnelles proportions 
lea aspeces tropioalea et les aspeces metidioualea pousnienl s’y trouver 
meiangees. 

M. le Prof. Dakin ajant en I'amabilite de me oonfier la determination dea 
Anneiides Polyobetea recueillies dans cette expedition, je pourrai apporter 
une modeste contiibntion k oette etude do zoogeographie. 

A Pexception d’une Arenieola enstata et de quelquea Armetndia lanceolata 
Bi&meeSu^ientu^ttouvkn dans Pestomau de pois«ons peohoa dans Pestnaire 
de Swan Biver, pria de Perth, toptes las aapecas etudides ici proviennent de 
Parchipdi dea Atoolhos. 


a £11w Pany 0ladoB Xmat EzpadiUaaa to the Abrolhoa Islandi.] 
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PUOF. P. PAtJVEL! ANKKIilBBS PoLYCH^TBS 


Hnit Eatnillefl seulement sent repr^sent^es par 15 genres ot les 21 espc^ces 
suivantes, dont 19 des Abrolhos :— 


Apuroditikns. 

Leindonotw ocuiatus, Baird. 

Lepid(maf.u8 eristatwi, Grube. 

Lepidonotua cannulatm, Grube. 
Lepidonatus aeanfholfpUf Grube. 
EnthakneaBa ^fibotdienaii^ Grayier. 

Amphinomirnr. 

Chloeia Jlava (Palin b). 

Noto^iygoa hia}ndttaf Pottn. 

Efitythoe cowplamta (PoIIab). 

I 

llliSIONlENS. 

HeaioM paniherina^ Bisno. 

NiRtolEMS. 

JVerBM denhamenaiaf Augener. 
JPaeudonereia anoniala^ Gravier. 
Elatynereia dumenlii^ And. & Edw. 


Eukicirnb. 

(?) Eunice tenUundata^ Quatrefages. 
Eunice aiciUenaiay Grube. 

Eunice antennataf Savigny. 

Eunice auatmlisj Quatrefages. 
Lyaidice eoUaria, Grube. 

Oph (Aliens. 

Armandia lanceolata, Willej-. 
Polyophihalmua pietua, Dujardiii. 

Ae^jnicolibns. 

Ai'enicola emtata, Stlmpsou. 

Srkpitlibnb. 

Frotula biepiralia (Savigny). 


Lapremi<‘re remarque qui s^impose est ^absence tokale des Polychfetes du 
sable et de la vase {VArenicola emtata efc les A?*man(//a laneeolata ne venant 
pas dos Abrolhos). Les Sedentaires ne sont reprosent(W»s quo par le Polyo- 
phthalmuB pietus ei iin individu de la rare Protula hiapiralis qui semble 
n^avoir dt<5 observdo qu^ano seiile fois, par Bhlers, depuis Savigny. Ce sont; 
les Aphroditiens et les Eonicieiia qui domineut de beaucoiip, avec los 
Ampbinoiniens et quelques N^roidiens. 

Nous avons done la une faunule d’Annelides rampant siir les pierres et les 
Polypiers. La faiine dos fentes vaseuses ties rochers et .d^s ciivit(*s des 
Madrepores ii’est giiere reprwmtee que par quelques Eunices. 

T1 serait imprudent d'dtayer de yastes considerations theoiiquos sur iin 
aussi petit nombre dVep^oes correspondnnt seulement a un habitat restreint 
de la fauno des Polychotes. 

L^examen de cette petite collection pent suggerer noanmoins quelques 
reflexions. 

Nous remarquerons d'abord que trois de ces esp^ces— Lepidonoius oeulatus^ 
JSfereis denliamen/ds et Eunice tentaculata —n’ont encore et6 signaldes, jus- 
quMci, qu’en Australie, sur les cAtes sud et sud-ouest. 

Les 18 autres espbees appartiennent k la zone intertropicale. Parmi elles, 
les 5 suivantes— Lepidonotus criatatus^ L, carinulatus^ L. acaniliolepis^ 
Eiitlialenesaa djihmitiensia et Pseudonereis anomala —habitent les regions les 
plus chaudes do TOeban Indian, Mer Rougo, Golfe Persique, Geylan, par 
exemple, et n^ont pas encore signalbes en Australia. 

Les 13 suivantes— Chloeia Jiava^Noiopygos hispidus, Eurytho^ complanata^ 
Hesione pantherina^ Vlatynereis dumerilii^ Eunice smliensls^ E. antennata^ 
E. auih'alis^ Lysidice collaris, Armandia laneeolata^ Polyophthalmus pictus^ 
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Aremeola eristata et Protula bUpiTalu —d^passent la zone trdpicale an Nord 
on an Sad et ont tontes d4ja signaUes en Australie et en Nonvelle^-Z^ande. 
Parmi elles, Platynereis Dumerilii^ Eunice Siciliensis^ Polyophthalmus pietus 
et Arenicola eristata. tout k £ait cosmopolites, se rencontrent aussi dans la 
Mdditerranee et dans TAtlantique Kord. 

En r^snm4, sur 19 esp^ces des Abrollios, nous en avons 5 sp^ciales anx 
regions chandes de POc^an Indian^ 11 do la zone tropioale, mais la d<ipassant 
sonvent an Snd et habitant aussi TAnstralie meridionale, et 3 seuleraent 
propres k cette dernicre region. Nous pouvons en conclure, semble-t-il, qne 
la faune des Polychfetes des Abrolhos est la ni^me que celle de la plupart des 
recifs coralliens de POc^an Indien avec, en outre, quelques especes jusqu’ici 
sp^eiales k PAustralie. 

Fainille des APHBOBITIENS, Samgny. 

Tril)u des PolynoiniSs, Gruhe. 

Genre Lepidonotus, Leach. 

Lepidonotus oristatus, Griihe. 

Lepidonotus erittatuSf Qravier (1901), p. 210, pi. 7. fig. 104-110; pi. 9. fig. 136. 

„ „ Fauvel (1919), p. 329. (Synonymie.) 

2/OcaZt^^.—Wooded Island. 

Cette espeoe n’est reprdsentee que par la partie anterieure d^un grand 
specimen, large de 25 millimetres, soies comprises. 

Les troia antennes sent sonsiblement dgales. Ainsi quo Pa fait remarqner 
Gravier, qui a donnd de cette esp&ce une description tris detaillee, les soies 
ventrales du 2® setigere different complhteinent des suivantes, elles sont 
longues, fines, presquo capillaires et orn^es de petites membranes lacini^es 
disposees en spirale. 

Les 41ytres sont ornees chacune d^une grosse cr6te charnue, plus on moins 
nettement bilob^^e, converte de petites epines cbitineuses coniques. Les 
dlytres sont bord<^es posteSrienrement d^un etroit lis6re couleur de rouille, 
et portent nne tache de m6me couleur au-dessus de Pelytrophore. Les 
diffSrentes papilles de P^lytre sont conformes aux figures de Gravier. 

Distribution giographique .—Mer Rouge, Oeylan, Philippines, lies de la 
Sonde, Amboine, Abrolhos, lie Maurice, Zanzibar. 

Lbpidokotus ooulattts, Baird. 

Lepidcmiim oculatWf Baird (1865), p. 184. 

„ „ Haswell (isi^), p. 281* 

„ „ Fauvel (1917), p. 171, pi. 4. fig. 20-23. 

(?) Thorniora argus var., Haswell (non Quatrefages) (1883), p. 280, pi. 8. fig. 9-11. 

LocadU4s.--^Iirsif,xxi entre Wallaby et Bat Island. Di*agu4 k Pext^rienr de 
Parchipel des Wallabye. 
iiWw. JOVRK.—zooiioer, vol. xxxiv. 


36 



490 


PROF. P. FAUVBX<: ANNKLJPKS rOLYCllKTES 


Le premior specimen mesnre 37 mill, sur 15 mill.? soles comprises; te 
second atteint 47 miU.snr 15 etil est d4color5 & I’exceplion d'nne petite taohe, 
brun pale sur P61ytrophore des rtytres posterieures. 

Ces specimens sent bien seniblables k ceux des Golfes Saint- Vincent et 
Spencer, sur la c6te Sud de rAustralie. 

Distribution giographique, —Australia meridionale, Houtraan Abrolhos. 

Lepidonotus CARiNtJLATUS, Gruhe» 

Isfndonsim carinulatus, Potts (1909), p. 381. 

,, „ Fauvel (1911), p. 367, fig. 1. (Synonymie.) 

„ „ Horst (1917), p. 69, pi. 16. fig. 10. 

„ „ Fauvel (1919), p. 330. 

Locality, —Dragu4 entre les lies Wallaby et Bat Island. 

II n^a dt^ rocueilli qu^un seul specimen de petite taille dont les Sytres 
sont d^tuchdes. II est tout k fait semblable a ceux de Madagascar quo j’ai 
eu ^occasion d’^tudier. La caducity de ses ^lytrcs, et ses soies ventralea 
bidentees, distinguent facileinent oette espece du Lepidonotus sguamatus 
auquel elle ressemble beaucoup par aillenrs. 

Distribution gdographique. —Mar Bonge, Golfe Persique, Ceylan, Philip¬ 
pines, Amboine, Japan, Madagascar, Abrolhos. 

Lepidonotus aoantholepis, Grube. 

Lfipidonotua acantJwlepis, Grube (1878), p. 24, pi. 2. fig. 1. 

„ „ Micbaelsen (1892), p. 5. 

„ „ Horst (1917), p. 67, pi. 16. fig. 8-4. 

Locality, —Bdcif de Long Island, Pelsart Group. 

Cetto rare et curieuse espfece est repr&entfo par un seul individu long de 
30 mill, et large de 12, soies comprises. 

Jusqu’ici, elle seinble n’avoir recueillie^qu’aux Philippines par Grube, 
k Geylan par Michaelsen et aux lies de la Sonde par Pexpedition du 
‘ Siboga.* 

Michaelsen a fait remarquer que les soies ventrales ne sont pas bifurqu^es, 
coinme I’indiquait Grube, mais, en r^alite, irifurqu^s. Horst a donnd une 
bonne figure de ces soies, qui, vues de profit, rappellent des soies ventrales 
d^Hermione^ quahd les deux dents infdrieures se profilent Tune sur Tautre. 
Ces denx dents resseinblent aux deux moiguons ^moussds des soies du premier 
Biiigkte des Serpules (Fig. 1, d). 

Les soies dorsales, implant^es au nombre de 2 it 3 seulement sur an petit 
mamelon parapodial, sont minces, finement ^pineuses et termin^es en pointe 
lisse, mousse ou 14g&rement renfide. Le prostomium, du type Lepidonotus^ 
est en grande partie cacbd par le bard antdrieur du premier segment, qui 
forme un repli nuoal tr^ aecusA 

L'insertion des antennes est ierti^iiiale. L^impaire est portde par un 
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voluinlneux ceratophore cylindriqiie, brun fonce. Elle est notablement plus 
longue que les antennes lat^rales. 

Les cirres tentaculaires sont aceompngn^s d’nn petit faisceau de soies fines. 

Tons cos appendices sont annoles de bran ot pr^sentent un reuflement 
ovoide au-dessous de leur exttemitd dlstale effilee. 

Les ^lytres de la premiere paire sont plus grandes que les suivantes, elles 
se croisent comi)U»teineiit et cacheni la t^te. Celles de la deuxieme paire se 
touchent seuleinont par le bord et celles do la 3^ pairo laisseut dej4 nne partie 
du dos & nil. Cos trois pairos sont inibriqmVs d^avant en arrifere, tandis que 
les suivanies, boaucoiip plus petitcs^ laissent oniro elles iin espace plus grand 
que leur diametre, qui iie depasse pas lYpaissour du pariipode. Les premieres 


Fio. 1. 



Lepidmotus acantholepia. — a, Elytre, X 25. ft. Granulations suporficielles d’un tuborculey 
X 300. c. Papille filiforme du bord de I’dlytre, x 140. c?. Sole yentraley X 100. 

dlytres sont done plus grandes et les suivantes plus petites que sur lo type de 
Grube, 

Ces elytres sont ovales, ou presquo roudes (Fig. l,a). Leur surface est 
couverte de gros tuborcules ovoidesy & surface fiiiement granulcuse et k 
contenu brun foned (Fig. 1, h ). On remarquo, en outre, au bord des 41ytres, 
quelques molles papilles cylindriques (Fig. 1, c). 

t/anus, dorsal, s’ouvre sur Tavant dernier setig6r6. Le pygidium est 
bilobd avec 2 longs urites. Cette esp^co pr^sente des affinites avec 
VHermenia verrtieulosa^ Grube, qui est un Lepidmotus. 

lies de la Sonde, Philippines, tJeylan, Australie 

occidentale. 


36 * 



492 


PROF. P. FAtTVEL: AKN^LIRES POLTOHJWBS 

Tribndes SlQAiiONilii s, Grube. 

Cfenre EtTTHALERESSA, Darhoux. 

Euthalerbssa DJIB013TIEE8IS, Gramer. 

7%almeata djibotUientit, Qravier (1901), p. 281, pi. 7. fig. 114-117. 

EutkidMutM tf/iboutiensit, Fauvel (1918), p. 831; (1919), p. 84S. 

Loedliti. —Abrolbos. 

L’nnique specimen eat tronqnd poat^rienrement et compl^tement inoolore. 

II correspond bien k la description ddtaill^e de- Gravier et ne diffbre pas 
des specimens dn Golfe Persiqne que j’ai eu I’occaaion d’^tudier rdoemment. 

Cette espbce se rapproche de la Thalenessa ocu/a(a,M‘Intosh, dn Detroit 
de Baas. 

Dutribution geographique, — Mer Bonge, Golfe Persiqne, Hontman 
Abrolbos. 

Famine des AKPHUTOXlSirS, Sanyny. 

Genre Eurtthoe, Kinherg. 

EurtthoS complanata (Pallas). 

JEurgthoi eony^nata, Auganer P* (Synonjmie.) 

„ „ Fauvel (1919), p, 848. 

„ alcgonia,J3tnvin (1901), p. 248, fig. 287- 268, 

„ ktvisetis, Fauvel (1914), p. 116, pi. 8. fig. 29-80,83-87. 

LocalitSs. —B4cif de Long Island, et & la cOte, Pelsart Group. Wooded 
Island. 

Lea qnelqnea individns de oette eap^e, si rdpandne dans tbus lea rdcifs 
oorallieus, ne prbsentent rien de particulier & signaler. 

Distribution g(ograpldque, —Atlantique, Antilles, Gayane, Canaries, Golfe 
de Gnin^, Oc^n Indien, Mer Bonge, MadAgasoar, Philippines, Pacifiqne, 
Anatralie, Chili, Ilea GamUer. 

Genre Chloeu, Savigny. 

Chloeia flava (Pallas). 

CUoetaJlava, Fauvel (1917), p. 190. (SyaoBymie.) 

** 

. Loedliti. —King’s Sonnd, C)0te Nord-Onest. ' 

Cette magnifiqne espbce, dont Milne-Edwards a donnd nne belle figure en 
oonlenrs dans * Le Bbgne Asiimal lUustrd,’ sons le nom de Ch. eapUlata, a 
lea soies doraales d’nn janne brona4 k r^ets un pen verditres, tandis que lea 
ventrales sent d’nn blane alb4tre tirant snr le gris. A la face dorsale, ^laqne 
segment est omd d’nne grosae taofae artoadie, ponrpre foiicd. 



DE l’aRCHIPBL HOUTMAH ABR0LH06. 


m 


Sur ce 8[)4ciineii, les dentiouliitions de soies en liarpon ont complutement 
dispara, rongees par la formol. 

Dittribution giographique. — Ocean Facifiqne, Australia m4ridionale, 
Hontman Abrolhos, Oc4an Indian, Japon. 

Genre Notopygos, Gnihe. 

Notopygos HispiDUS, PottB, var. sbhbatus, FaiiPel. 

Notopygos hispidm^ Potts (lUOO), p. 350, p]. 45. fig. 0-7; pi. 43. fig. 3-5. 

„ „ Horst (1911), p. 243. 

„ „ Fauvel (1917), p. 192; (1919), p. 860. 

(P) Notopygm labiatm^ Benham (1915), p. 205. 

Locality. —Abrolhos. 

Les deux individus de cette ospijce, un petit et un autre de taille moyenne, 
ont les soles dorsales et ventrales egalement lisses, a Texceptiou do celles des 
premiers srtigferes qui sent legeremeut dentelees aux deux rames. Aux 
derniers setiger^s, les soics ventrales sont aussi l^gerement dentelees et les 
dorsales le sont indistinctement, Ils rentrent done dans la variete serratus, 
Reste a savoir quelle valeur on doit attribuer ii ce caraetcre et si cette espfece 
n’est pas uno simple variete du laUatus^ M‘Intosh. 

La 1^* branchie apparait an 6® s(Higerc et Tanus s’ouvris au 21®. 

Distribution gcographique ,—Mer Rouge; Ocean Indien, Australia meri- 
donale (Houtman Abrolhos). 


Famine des HESIONIENS, Gruhe. 

Genre Hesione, Savigny^ 

Hesione pantheuina, Uisso, 

Hsaione panthertnUy Saint Joseph (1898), p. 829. (Bibliographie.) 

,, „ Gravier (1900), p. 179, pi. 9. fig. 16. 

„ „ Fauvel (1911), p. 374, fig. 4; (1919), p. 370. 

Hesione Ehlersi^ Gravier (1900), p. 175, pi. 9. fig. 14-15. 

Hesione splendida, Aiigener (1913), p. 187, (Synonymie.) 

Locality .—Dragues a roxteriour de TArchipel Wallaby. 

Sauf qu’ils sont entierement decolor^s, les deux specimens des Wallabys 
ne different en rien de ceux de la Mediterranee. Mais, ainsi que je I’ai deja 
fait remarquer, cette decoloration, dont Gravier faisait un trait distinctit de 
Vllesione Dhlersi^ n’a rien de caracteristique. 

Distribution gdographiqm, —Atlantique, Mediterranee, Mer Rouge, Golfe 
Persique, Cveylan, Philippines, Maiaisie, Japon, Australie, Afriqiie zneri* 
dionale. 
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FamiWe des HEMIBIiaSS, Quatrefages. 

Genre Kbbbib, Cuvier. 

Kbbeis denhamensis, Augener. 

Nerm denhamemiSf Augener (1918), p, 166, pi. 8. fig. 61. 

„ „ Fauvel (1917), p. 204, pi. 6. fig, 46-'46. 

Localitd .—Pelsart Group, k I’intorieur du lagon. 

Bien quo tr^s mac4r6, ee specimen est bien reconnaissable a la disposition 
de ses paragnathes et a ses soies en serpe homogomplie a la rame dorsale des 
parapodes posterienrs. 

La reduction des groupes vii.*-viii. k un seul rang de gros paragnathes^ 
avec qoelques petits intercales^ est a pou pr6s le seul caraotere distinguant 
cette esp^ce, qui semble sp^ciale k PAustralie, de notre Nereis pelagica. 

Distribution giographique. —^Australie, cotes sud, sud-ouest et nord-ouest 
(Houtman Abrolhos). 

Genre Pseudonereis, Sl Joseph (non Kinberg). 

Pseudonereis anomala, Gravier. 

Pseudonereis anomala^ Gravier (1901), p. 191, pi. 11. fig. 60-'52. 

„ „ Willey (1904), p. 262. 

„ „ Fauvel (1911), p. 896; (1919), p. 421, 

Locality.--A mer basse, Pelsart Group. 

Ce specimen est mallieureusement mac4re. 

La trompe porte des rang^es serr^s, pectin^es, de petits paragnathes aux 
groupes de Fanueau inaxillaire. Les groupes vii.-viii. forinent un rang de 
paragnathes aplatis alternativemeiit dan^ le sens transversal et dans le sens 
longitudinal. Les groupes vi. sent formes d^une rangee de paragnathes 
coniques, lendant a se d^doubler en deux lignes transversales. Ils sont 
done, sous ce rapport, intermediaires entre la Ps. anomala tjpique et la 
P. masalacensi.8^ Grube, qui est une espcce tres voisine. 

Distribution giographiqxie.-^'Ker Rouge, Golfe Persique, Mer d’Oman, 
Houtman Abrolhos. 

Genre Platynbreis, Kvnberg. 

Platynbreis DumerIlii, Audouin et M.-^Edwa/rds. 

Fhiynereis PameW/it, Fauvel (1911), p. 897; (1914), p. 198; (,1919), p. 421. 

(Synonymie.) 

„ „ Izuka, (1912), p. 168, pi. 17. fig. 7-8. 

„ insolitaf Gravier ,(1901), p. 197. pi. 12. fig. 58. 

Houtman Abi*olhos. ^ 

Aucune indication de looalitd pal^cuii&re n’accompagnait les deux petits 
specimens de cette esp&ce cosmopolite, si repandue. 
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Distribution geograpkique* —M.ers Arctiques, Manclie, Ailantique, Medi- 
terranee, Oc^an Indien, Mer Rouge, Golfe Persique, Madagascar, Mer du 
Japou, Pacifique, lies Gambier, Australia (Houtman Abrolhos). 

Famille des EUNICIEN8, Grube. 

Genre Eunice, Cuvier. 

(?) Eunice tentaculata, Quairefages , 

Eunice tentacidata^ Ftiuvel (1917), p, 20f), fig. 17. (Syiionymie.) 

Eufiicepycnub^anchiatat M^Intoah (1885), p. 294. 

Eunice Elsyi^ Baird (1870), p. 344. 

Locality, —Abrolhos. 

Un fragment posteriour d’une grande Eunice aphitie dont les branchies 
persistent jnsqu’aiix avaiit-derniers sotigcros me paniit appartenir a oette 
espece, tres repamlno en Ausiralie. Les acicules et soies acicnlaires sont 
noirs, ces dermeres sont bidentees. 

Distribution giographique, —Australia, Nouvelle-Zelande (Ceylan ?). 

Eunice Kmmi>iAnik{tiavigny). 

Eunice ardennata^ Oossland (1904), p. 312, pi. 22. fig. 1-7. 

„ „ Fauvel (1917), p. 225. (Syaonymie.) 

„ „ Fauvel (1919), p. 377. 

Eunice bassemisf Benhara (1915), p. 219, pi. 41, fig. 07-74, 

Localite .—Wooded Island. 

Sur un individu entier, la P** brancbie se uiontre au 5* setigcTO, coiiime 
c’est d'ailleurs le cas lo plus frequent. Les antennes sont moniliformes. Les 
soies aciculaires sont jaiincs ot trident6es. Dans la region posterieure, les 
branchies redovieiinent plus longues et plus fournies que dans la region 
moyenne. C’est d’ailleurs un des traits caractc^ristiques de cette espece, 
bien qu’il ne soit pas toujours aussi marque. 

Distribution gt/ographique .—Mer Rouge, Golfe Persique, Oeylan, Mada¬ 
gascar, Zanzibar, Moluques, Philippines, Detroit de Torres, Detroit de Bass, 
Australie meridionale, lies Gambier. 

Eunice australis, Quatrefages. 

Eunice australie^ Fauvel (1917), p. 228. (Bibliographie.) 

„ Murrayi^ M^lato&h (1885), p. 288. 

„ ieucanuehaliSf Benham (1900), p. 21 (fide Ehlers). 

Locality. —Abrolhos. 

Cette espece, representee par un seul individu, ressemble beaucoup a 
YE. antennata^ mais elle s’en distingue principalement par ses branchies a 
nombroiix filaments qui disparaissent brusquement vers le 88®~50® setigere. 
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Le soie8 aoicalaires sont jaunes et tridenbiea. Ellfts sont souvent au nombre 
de 3 on de 4 dans les parapodes post4rienrs. 

JJistribution giograpldque^ —Nonvelle-Z^lande, Australie occidental© et 
meridionale, Zanzibar, Ceylan, Maldives, Cap de Bonne-Esperance. 

Eunice sioiliensis, Gruhe. 

Eunice sicUumis, Fauvel (1917), p. 231 ot (1919) p. 379. (Bibliogvapbie.) 

„ validUf Qravier (1900), p. 264, pi. 12. fig. 80-82. 

„ leucodon, Ehlers (1901), p. 128, pL 16. tig. 1-10. 

Locality. —Wooded Island, Lagoon flat; Pelsarfc Group, a rinterieur du 
Lagon ; Freshwater Bay, 9 Mai, 1914. 

Ii Eunice siciliensis est tres repandue dans tons les recifs des mers inter- 
tropicales, tout autour du globe. Elle est repr<Ssent^e des Abrolhos par de 
noinbrenx fragments souveiit d<$ponrvus de tfito, mais bien roconnaissablcs k 
leurs longues branchies simples et a leurs parapodes a un seul acicule et 
d^pourvus de soies pectinees ot de soies aciculaires. 

JDistrilmtion gdographique. —MMitorranee, Atlantiqiie, Antilles, Golfe de 
Guinee, Detroit de Magellan, Oc&in Pacifiqiie, lies Gambier, Hawai, Australie, 
Oc&n Indien, Ceylan, Philippines, Mer Kouge, Golfe Persique. 


Genre Lysidicb, Samgny. 

Lysidicb collabis, Grube. 

LyMice collariSf Fauvel (1917), p. 236. (Synonymie.) 

„ fallax, Ehlers (1898), p, 15. 

LocallUa, —Pelsart Group, sur le rivage et a Pintdrieur du logon. \ 

Cette espece, tres voisiae de la Lysklice ^linetta^ dont elle nVst probablemeiit. 
qu’une simple varied, ne s^en distingue que par la forme de ses yeux qui sonfv 
r^nifonnes ou semi-lunaires, aa lieu d’etre ovales. 

Distribution giograpliique, —Mer Rouge, Golfe Persique, Ceylan, Philip¬ 
pines, Japon, Seychelles, Madagascar, Zanzibar, Australie meridionale et 
occidentale, Samoa, lies Garabier, Guyane. 


Familie des OPHELIENS, Grube. 

Genre AhM a:sdia, Filippi. 

ii 

Abuandu. lakoeolata, Willey. 

AnutnUa hfneeolata, Willey (1806), p. 238, pi. 6. fig. 120. 

„ „ Fftuvel (1817), p. 269 i (1919) p. 486. 

LocaUl4. —Freshwater Bay (cOlo occidentale d’Australie). 

Six spc'ioimensj comptant de 27 & 30 s^tig^es. Beauooup de brautdiies 
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sonttombees et les yea* laleraux ont an grande partie diepara. Le tabe 
anal est caracteristiqne. 

Distribution ff^ffraphique.—Qolfe Persique, Ceylan, Australk. 


Genre Polyophthalmus, Quatrefages 
POLYOPHTHALMtTS PIOTDS, Dujavdin. 

PolyophthalniuB pietuSj Fauvel (1919), p. 437. (Synonymie.) 

LocaliU, —Abrolhos. 

Un seul specimen, encore bien pigmente, represonte cetto esp&co si 
cosmopolite et de coloration si variable. 

Distrihxitiov gmgraplwjue. —Atlantique, M ed iter ran de, Mer Bouge, Mada¬ 
gascar, Ceylan, Philippines, Chine, Australie occidenttile, lies Gambler. 


Famille des ABENICOLIENS, Audouin et AL^Edwards, 

Genre Akenicola, Lamarck. 

Auenicola oristata, Siimpson. 

Arenicola cristata, Ashworth (1912), p. 105, pi. 5. fig, 12, 13; pi. 8. fig. 17; pi. 10. 
fig. 30; pi. 13. fig. 41, 42. (Bibliographie et Synonymie.) 

Arenicola antiHeneis, Ehlers (1892), 

Canning River, trouvee flottant avec le courant. 18 Fevrier, 
1914 (Australie occidentale). 

Get unique representaut Je cette belle espccc est d’assess grande taillo, mais 
en tres inauvais etat. La partie nioyenne du corps est telleinent maceree 
qu’il est difficile de compter les segments. II semble bien exister 17 setigeres, 
les branchies, qui commencent au 7% sent du nombre de 11 paires. Elies 
sont tres ddveloppees, ponndes et reunies k la base par une forte membrane. 

Le prostomium, malgre son mauvais etat, est encore bien reconnaissable 
et conforme a la figure d’Ashworth (1912, p. 106, fig. 45). 

Les otocystes renferment chacun un gros otolithe spherique. Les deux 
sacs diaphraginatiqnes sont gros et allonges. Les deux csecums digestifs sont 
courts, epais, renilds ettermines en pointe mucronde. Les premiers segments 
de la region caudale ne portent pas les petits processus digitiformes qui 
semblent speciaux a la variete americaine* 

Ashworth a ddja signald cette espece au nord-ouest de TAustralie (Barrow 
Island). 

Distribution g4ographique.^ki\\\niii\xkii Nord, cotes de FAmerique, Medi- 
terrande, Oedan Indian, Mer Rouge, Australie occidentale, Pacifique, Japon^ 
Californie. 
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Fainille des SSSFULOSIIB, Burmeitter. 

Genre Pbotula, Risto. 

PKOTlILii BISFIRALIS {Samffni/). 

Serpula bi^raU$, Sangny (1620), p. 75. 

Protula bitpirulu, Quatrela^ (1866), tome ii. p. 467. 

„ „ EMers (1807), p. 81. 

Locality. —Abrolhos. 

La Prottda hispiralis a d’abord d4crite par Savigny d’apres un iudividu 
provenant de la iner des Indes. De Qnatrefages en a compldt^ la description 
d’apr&s le inSme specimen. Depiiis, elle n’a 6te mentionn^e qoe par Ehlers 

» 

Fi&. 2. 



Jhrotula ^isinralie. — a. Plaque onciale abdomiuale, x 300. b. Dent in^rieure vue de face, 
XSOO. c. Sole abdominale, X 140. d. Longue aoie capillaire abdominale, x 140. 
e, Soie thoracique coiirte, aplatie, X 140. /. Extr4mit§ d'une longue sole tboracique 
unilimbde, x 140. 

» 

qni en a ^tadi4 un exemplaire de Nonrelle-Z^landecommunique par Benhain. 
Ehlers ne penae pas que cette esp4oe puisse 6ipe ideiitifide it YVrtka marina 
amerieana de Seba. 

I^e specimen des Abrolhos n’est malhenreusement pas accompagne de sou 
tube, qu’aucun auteur n’a encore ddorit., h ma connaissance. tl mesure 60 mill. 
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de longueur, y compris lo punuche branchial de 12 mill., et la region thora- 
cique est large de 10 mill., pieds compris. 

II r^pond tout k fait k la description de Savigny et de Quatrefages, sauf 
que les deux volumineux lobes brancbiaux ne font que 6 tours de spire, an 
lieu de 8-9 ; il faiit d’aillours remarquer qu’il est de taillo un peu moindre, 
le typo mesurant 80 mill. 

La collerette et la membrane thoracique soni malheurciisement decbirees. 
Le nombrc des setigeres thoraciques est de 7. Pas plus qiiTBlhlers, je n’y 
observe d’uncini. Les soies thoraciques sont trcs nombreuses et dc deux 
sortes; les lines longU(‘s, minces, k extremiid f res fine legeremeni courbee, n^ont 
qu’un limbe dtroit d^ui seul cote (Fig. 2,/‘) ; les aiitres, plus courtes, sont 
aplaties a Fextremite ot terininees en pointe plus obtuse, arquee (Fig. 2, e). 
Oes soies aplaties sont homologues auxsoies d’.^y>07na/?^5 de ccrtaines Protules. 

Le soies de la region nbdominaje sont faiblement geniculees, aplaties et 
finement ddcoupees, sur leur bord convexe, en peiitos dents couptn^s carrciment 
(Fig. 2, c). D'apres de Saint-Joseph, cet aspect sorait du a nn plissement 
du bord ininco do la soie. A rextremite postericuro, il s*y joint de longues 
et fines soies capillaires (Fig. 2, d). Les uncini abdominaux sont des uncini 
typiques de Vrotula k nombreuses et fines dents inclinees, k grosso dent 
infericure legerement renflee k rextremite qui, vue de face, ost Icgerement 
bilobee (Fig. 2, a, />). 

Toutes CCS soies sont ideniiques k celles de la Protula inteslinum, dont la 
P. hispiraHs no semble so distinguer qne par le grand devcloppement de sos 
lobes brancbiaux a tours do sjnre beaucoiip plus nombreux. 

DiistrilmHm giiograpldque, —Nouvelle-Zidande, mer des Indes, Abrolhos. 

Index BiniJOGiiAPiiiguE, 

3012. Ashwojith (.]. 11.).—(.^italoguo of Iho ChfiBtopoda in the British Museum. 
Dart I. Areiiicolidie. (Londoa.) 

1913-1914. Auqrnka (11.).—Die Kauun »Siidwest Australiens. Bd. iv. Folychieta Frrantia, 
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Sherbomina : A new Genus of the Foraminifera from T^ble (iape, Tasmania. 
By Frederick Chapman, A.L.8., F.R.M.S., Paleontologist to the 
National Museum, Melbourne ; Hon. Pal. QeoL Surv. Viet. 

(Platb 32.) 

[Read 17th March, 1921.] 

History of the Specimens.— Early in 1912 I received from the late 
Mr. R. N. Atkinson of Sulphur Creek, N.W. Tasmania, some foraminifera 
obtained from the Tertiary beds at Table Cape, Wynyard, Tasmania. 
Recognising their novel character, I put them aside for further investigation, 
and their description has been still further delayed owing to their requiring 
to be sliced^ a work which had to be postjponed on account of the lack of 
specimens. Mr. Atkinson’s father, Mr. £. D. Atkinson, has lately obtained 
additional specimens, and to him I express my indebtedness. 

Geological Horizon of the Foraminifera. —The tests of this type, of 
which a fair number have been found, have all occurred in the lower zone 
of the Table Cape fossil deposits—the Crassatellites Bed. The presence of 
Craseatellites ohlonga^ T. Woods, sp., and the various volutes determine the 
age of this bed as Janjukian,* which is equivalent to the Middle Tertiary 
stage of the southern Australian Tertiaries and to the Miocene elsewhere. 
It lies below the Turritella Bed containing Turritella warhurtonensis, Tate, 
and the interesting marsupial Wynyardia hassiana^ Spencer f. That upper 
bed may be regarded as of Upper Miocene age, since it appears to represent 
the upper beds at Torquay. 

Description :— 

Fam. ROTALIIDiB. 

Subfam. RoTALiiNiS. 

Genus Sherbornina Xy gen* nov. 

Generic Characters. —Test discoidal, moderately thin j median arch con¬ 
cave. Shell built up of a median annular series of chamberlets with a 
discorbine commencement; the loculi of the annuli widely spaced. Externa] 

e Mr. B. N. Atkinson, after whom 1 have named the species here described, was a keen 
and observant collector of the Tertiary fossils of Table Cape. He unfortuijiately met with 
an untimely death in 1915, whilst cleaning a militaiy rifle. 

t Proc. 2ool. Soc. Lend. 1902, pp. 776-794, pis. xlix. A1. 

I Named in honour of my friend Charles Davies Sherbom, Hon.F.Z.S., A.L.S., who has 
contributed so much to the literature of this group. 



502 


MB. T. CHAPMilM OIT BHEBBOBttINA: A NBW GENDB * 


layer formed of email overlapping spatulate ohamberlete. The primordial 
series of about 7 globular to reniform segments, lying in the. median system, 
is disoorbine—that is, depressed rotaline. Shell-wall perforated with coarse 
tubnli. 

SHBBBOBNiyA ATKu^som, gen. et sp. nov. (Plate 32.) 

Deeeriptim of Specie*.—Test discoidal, thin, complanate. Median area 
depressed. Texture snbtranslncent. Surface faintly showing the annular 
series of the median layer with the crenulations of the superimposed spatulate 
chambered layer on either side. A thin median horizontal section shows the 
commencing series as a discorbine shell of about 7 chambers, followed by 
4 imperfectly annulate series, the. last two almost completely ring-like and 
embracing the earlier series. Primordial chamber spherical, measuring 58/a 
in diameter; chambers 2, .*1, and 4 subglobular, 5-9 sublunate, 10 and 11 
subannnlate and of equal width throughout*. Obamberlets of superficial 
layers spatulate and squamosely arranged. Diameter of test in holotype 
1*9 mm. Thickness of test on periphery *25 mm. Thickness in median 
urea *09 mm. Diameter of another specimen 2*3 mm. 

Rtlationships. —This very remarkaUe form represents for the Rotaliidse 
the cyoloclypeine annnlate mnltichainhered character combined with the 
lepidocycline spatulate-chambered type found in the Nummuliuidss. Bui 
instead of the lepidocycline character being found in the median layer, it is 
here, strangely enough, found superim|)dsed on the cyoloclypeine median 
series, to form a complex unrecognized in the Orbitoidinse. This structure 
of both median and external layers is merely itomorphous with the Cydo- 
dypm$ and Lepidocydina, groups, as proved by the commencing series, which 
is distinctly rotaliue, and especially dijukoorbine. 

The true relationship of this generic type lies with the planorbuline group, 
of which a remarkable and allied generic type, Cynlolomlim, has been 
described by Messrs. Heron-Allen and Earlandt. The present specimens 
show the same stages of development for the median series of chambers—the 
discorbine, the pavonine, and the annulate. As in CydolocuUna, the tubnli 
in Shei-bomina are fairly coarse perforations, and the “deposit of shell- 
.substance lietwcen the tubnli” noted by Heron-Alien and Earland in 
CydoloeuKna app^r to have developed in the present form into small scale- 
like chamberlets forming the external layers, besides which there is also the 
crennlate and warty appearance of the surface seisn also in CydoUmdina. As 
in CydoloeulinOf Sherbomina ha^^ no distinct apwrtnral orifice beyond the 
openings on the face and periphery leading through the coarse tubnli to 
the ohamberletsi 

• la (bis ohaiactBr i&erbomina atkvueui Msenddes Cyddoedhamuiiilata nttisr 
G,poiy$yra of Bsnm-Allen and Earland. See poifita and Joaxa. Boy. llior. So«. IflOS, 
py.e86aadfi88. 

t Jonn. Boy. ICer. Sdb. 1908, pp. 6i^-54S,.pl. zii, 
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Affe-relations 0 / Oycloloculina and Sherbornina.—Messrs. Heron-Alien 
and Earland obtained their specimens of Cycloloculma from amongst derived 
fossils from Tertiary strata at Selsey. The majority of the fossils found there 
are, however, of Middle Eocene age, so that the greater chances point to 
that rock-series as their source of origin. The present Miocene Sherbornina 
seems to be a distinct modification of Cycloloculina through the accession of 
secondary shell-growth and the development of external chamberlets super¬ 
imposed on the median series. 

Occurrence. —Moderately common. In the Crassatellites Bed of Wynyardi, 
Table Cape, Tasmania. 

Miocene or Janjukian. 

EXPLANATION OF PLATE 33. 

Fig.]. Sherbornina atkinmii^ gen. et sp. nov. Holotype. Miocene (Janjukian). Table 
Cape, Tasmania. External surface of test showing annulate plan of growth over¬ 
lain with tegulous layer of secondary chamberlets. X 21. 

Fig. 2. S. aihin$ 0 H%. Horizontal section through median plane, showing the discorbine 
stage passing into the annulate series. The widely-spaced partitions of the annu¬ 
late series of chamberlets are seen near the centre and also towards the periphery. 
The tegulateor overlapping chamberlets of the secondary or external layer are seen 
halfway to the centre of the test. X 24. 

Fig. 3. S, atkmoni Vertical median section through test, showing the relation of the 
median to the external series of chamberlets. X 34. 

Fig. 4. 8 , athinsmi. Structural sketch drawn from micro>section. m., loculi of median 
series connected by coarse tubules; ex,, loculi of external series. X 68. 

Fig. 5. 8 . atkineom. Structural sketch drawn from micro-section, m., loculi of median 
series; ex., loculi of External series; septa of median series; t., shell-wall between 

median and outer chamberlets, showing coarse perforations. X 72. 
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On a new Type of Teleostean Oartilaginoua Pectoral Girdle found in young 
Olupeids. By E. S. Goodrich, F.R.S., Sec.L.S., Prof, of Comparative 
Embryology in the University of Oxford. 

(With 6 Text-figures.) 

[Read 18th November, 1920.] 

While examining some thionin prepamtions of the cartilaginous skeleton of 
a young sprat, Clupea sprattus^ caught at Plymouth *, I found that the 
pectoral girdle presented a quite unexpected structure, which seems to have 
hitherto escaped the notice of anatomists. On investigating the young of 
Clupea harengus and C. pilcliardus the same peculiar form of girdle was 
found, and it may be considered as typical of the genus Clupea^ and possibly 
may be found to occur in related genera. 

In all living Teleostei the endoskeletal girdle, preformed in cartilage in 
the young, is in a reduced condition relatively to that of the large dermal 
bones which support it, and consists of right and left halves usually clearly 
separated in the middle line. Each half is firmly fixed to the cleithrum, and 
is formed of a short dorsal scapular region and of a generally much larger 
ventral coracoid region. These are separately ossified, and in many lower 
Teleostei, including the Clupeiformes, there is another ossification in a dorsal 
mesocoracoid arch, forming an inner buttress to strengthen the girdle near 
the articulation of the fin. 

Although in many Teleosts the coracoids may be quite large, and may 
extend towards the middle line and meet, ventrally, yet, so far as I know, 
the left and right halves are always said to remain separate (3). Neither in 
the well-known monographs of Parker (5) and Gegenbaur (2), nor in the 
works of Stannius (6) and other authors, is there any mention of a median 
fusion of either cartilage or bone (the only f) 0 ssible exception I have met is 
that of two little ventral epicoracoid cartilages, widely separated from the 
coracoids, described by Parker as partially fused (5)). On the other hand, it 
is a familiar fact that in the Elasrnobranchii and Dipnoi the two halves of 
the cartilaginous pectoral girdle, originally separate in the enibryo, usually 
become firmly fused below the pericardium (3;. 

In the young Spi*at, Herring, and Pilchard about 20 to 30 mm. in length, 
the endoskeletal pectoral girdle is in the form of a solid transverse bar of 

* I am indebted to Mias Lebour for all the material on which this study is founded, and 
have to thank her for pladng it at my disposal. The specimens wore preserved in formol. 

LIKE, JOUBN.—EOOLOGT^ TOL. XXXIV, 37 



506 


PROF. ». S. GOODRICH ON A NEW TYPE OF 


curtilage extending ventrally from side to side below the pericardium 
(figs. 1, 2, 3, & 5). At tins stage the whole girdle consists of two slender 
dermal cleithra passing dorso-ventrally to meet below, and the cartilaginons 



Clupea 9pratttt8* 

Cartilaginous skeleton of the pectoral fins and girdle. 




I \ f/ /i 











Clupea iprattuM, 28 mm. 

-f 

Fig. 2t transverse section showing the pectoral girdle below the pericardinm. 
Fig. B, nmiiar seofion fdYtlier forward. 
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ventral bar expanding on either side into a triangular plate perforated by 
three foramina (fig. 4). These plates and the ventral bar represent the 
coracoid regions fused. On each side is a small latero-dorsal scapular 
process projecting in front of the fin-base ; while a longer postero-ventral 
process extends backwards in the body-wall. At a little later stage, shown 

Fig. 4. 



Pectoral girdle and fins with muscles attached. 


Fig. 6. 



Cartilaginous skeleton of the pectoral fins and girdle. 

in fig. 6, the cross-bar becomes bent in the middle to form an acute 
angle pointing forwards, and at the bend the cartilage becomes absorbed so 
that the right and left halves soon are separated—a condition which, so far 
as I have l^en able to make out, persists in the adult. 

The development of the pectoral girdle in Teleosts has been studied by 
Swirski (8) and Wiedersheim, (10), and has lately been very completely 

37 * 
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worked out by Swinnerton in Salim and Gasteroilem (7), by Derjugin in 
ExocmtuB (1), and by Haller and by Vogel in Sahno (4 & 9). These 
authors have ascertained that the endoskeletal girdle and fin-skeleton arise 
from paired rudiments widely separated* From each rudiment develops a 
procartilaginous plate in which become difEerent^ated the fin radials and the 
girdle. The coracoid process o£ the latter grows downwards and forwards, 
and may even meet its fellow of the opposite side, without, however, fusing 
with it. A posterior process grows out behind, and subsequently dwindles 
and disappears in the adult. In Clupea^ I find that the girdle arises in just 
the same way from paired rudiments^ and that its subsequent history differs 
only in the formation of the transverse bar by fusion across the mid-ventral 
line. 

As to what significance should be attached to the peculiar structure of the 

Fig. 6. 


c 



Clnpea sprattm, 80 iiini. 

Cartilaginous skeleton of the pectoral fins and girdle. 

cartilaginous girdle in OInpeids described above, it would be i*ash to come to 
any definite conclusion before the corresponding stages in the development 
of allied forms have been studied. Two points may, however, be noticed:— 
(1) that the condition when the two halves form a continuous bar is 
transitory, the girdle being of paired origin and tho halves separating again 
hi later life when the dermal bones become well-developed; (2) that in no 
other Teleostomes, however primitive, do we find the paired elements of the 
girdle fused in the middle line. Therefore we can hardly suppose that 
the cross-bar represents an ancestral condition ; rather would we suggest 
that it may be a specialisation due to the necessity of affording a firm lm$e 
of support for the large pectoral fins in young Olupeids, which are active 
swimniers. ^ 
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SuMMLARY:—In the young of Clxipea sfyrattus^ C. harengus^ and C.pilchardus 
about 20 to 30 mm. in length, the right and left coracoid regions fuse to a 
solid cartilaginous ventral bar, which becomes bent and again subdivided in 
later stages. This fusion is probably a specialisation to strengthen the 
support of the pectoral fins before the complete development of the dermal 
bones of the pectoral girdle. 

KEFBBENCE-LICTTEaS FOB FlOURBB 1-6. 

atf atrium; ba, bulbus arteriosus; br, branchial arch; e, coracoid region; cf, coracoid 
. foramen: <?/, cleithrum; /mi, hypoglossal muscles; a, oesophagus; p, pericardium; 
pf, postcoracoid foramen; p/nif pectoral fiu muscles; p/n, pectoral fin skeleton; 
pVf posterior process { r, radial; rd, distal radial cartilage; s, scapular process; 
a/*, scapular foramen; oa, ventricle; ventral body-wall muscle. 
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Anomalocera, Temjd,, sp., distrib., 116. 
Anoplocapros lenticularis, EicK, 464. 

Anoue stolidus gilberti, Mnfhewa, 471, 484. 
Anser, sp., mistakes artificial for 

real insect, 68. 

Ant, occurr. on the Abrolbos Islands, 160. 
Auteliotringa tenuirostris (HorafiM), 475. 
Antbea cereus, Ml. ^ 5W., abundance, 267. 
Anthua australis, VitUlot, 466. 

-bilbali, Math^m, 466. 

— prateusis, Bechat, mentd., 62; mistakes 

artidcial for real insect, 68. 

Anurida, Lab., 436. 

— marltima, Ottinn, 433. 

Apanteles, Fbrat, mentd., 283,331. 
Apljsia, Linn., sp., 170-171 ; mentd., 

ftnote 2o9, 

Aplysilla, F. E. Schulze, 322. 

Apeendesia, Lanu\, 37, 

— cristata, Lamv., 87,88 ^ 

Apterygota maxilinlse in the, 4dO>433. 
Arctncej^halua malralia, Gray, 476. 

— khtOua, Gray, 476, / 

Areuarla interprea oebnensis {EloaMw^ 

478. . ‘ ; 


Arenicola antHknaia, Eblere, 48?. 

— cristata, Slimj»., 487-489, 497* 

— marina (Ximi.), abundance, 256. 

Ariauta arbustorum {lAnn.), 207. 

Arion ater (Linn.), 206. 

— empiricorum, F4r., 206. 

Armandia lanceolata, Willey, 487,488,496. 
Artbropoma Cecilii, Lev., 3, 20. 

Ascaltis cerebrum, Saeek., 311, ftnote 312, 
316, 317; mentd., 301. 

— reticulum, Haeck., 316,317; mentd.,299. 
Aacetta primordialia, Haeck., ftnote 307. 
Ascidioua, occurr. in Abrolbos Islands, 161; 

mentd., ftnote 259. 

Aacopodaria diaoreta, Busk, 42. 

Aacoaia, Jullien, 408. 

Asellus aqimticus, de Fourc., reprod., 336- 
843. 

Astacillinea, ColUnye*, new group of Val- 
vifera, 71. 

Astrma, Omel., sp., 158. 

Astrnlium, Link, 161. 

Astropliyton, Link, sp., 102. 

Atbanas crosslandi, Tattersall 845, 360, 
372. 

— dimorphus, Ortmann, 360,371,373. 
djiboutensis, CrnU., 360, 368. 

— baswelli, Caut., 873. 

— minikoensis, Cout, 373. 

— naifaroensis, Cout., mentd., 373. 

^ — niteaeena, Aud. & Sav., 3^, 376. 

— orientaUs, Fearaon, 373. 

— parvus, De Man, 846, 860, 372. 

— polyinorpbiis, Kemp, 346, 869, 370, 378. 

— gp.i64<!»,360. 

Aulopits purpuriasatus, i2tcA., 485. 
Auricularia stagnonim, Klein, 211. 
Axiopsis setbiopica, NMli, 361,894. 

Baetis biuoeulatus, Leaeh, food of Trout, 
60,67. 

— pumilos, Surm., food of Trout, 60. 

— yernue; Curtia, sub-imago, the food of 

Trout, 48. 

Balanus balanoidea (jL«iia.), abundance, 
260-262, 265. 

EeXe^fi^gUia, Biiap., 210. 

— penrerea (Xtfift.)| 210. 

Riieiiteia dleereti^ JTeri^, 3,42. 

— misakiensis, Oito, 42. 



timifti. 


613 


lUt lYiistaktiB artificial for real insect, 68. 
Batopora, JRct/sff, 407, 408, 421; mentd., 
401. 

— cmiou, Seguenza, 424. 

— conica, Ha.iitken, 424. 

— muliiradiata, JHetm, 404. 

Beaniti. elongata, Hincks, 8. 

— hirtisBima, Heller, 3, 6. 

- var, robusta, Hincks, 8. 

— magellanica, Bitsk, 4, 8. 

— spinigera, MacG., 8. 

Bibio, Geojfr., 461, 468. 

— johannis, Meiff., 462; food of Swallow, 

52; imago, the food of Trout, 49. 

— pomome (Fabr.), 461, 462. 

Bic|||||&laria, Rettss, 408. 

Bidder, G. P., Fragrance of Calcinean 
sponges and the ^ spermatozoa of 
Guancha and Si/ron, 299-804; Syn- 
cryptu spongiaruiii, Bidder^, ij06-18; 
Notes on the physiology of sponges, 
316-326. 

Biddulplna, Gray, distrib., 99, ICK*. 

— mohiliensis, Bail., distrib., 99,101,124, 

— regia, 0. SchuUze, distrib., 101. 

— sinensis, Grev., distrib., 98, lOl, 124. 
Bipora, Whitelegge, 408. 

— canceUata, Whitelegge, 419. 

— (?) elegam. Whitelegge, 421. 

— philippinmiHU, Whitelegge, 420, 

Birds, feeding-habits, 47-60. 

Bitielenaria, Gregory, 409. 

Bithynia tentnculata (Linn.), 213. 

Blatta, Linn., 458. 

Blennius tasuianianus, Rich., 488. 

Bonellia. Desk., sp., 176. 

Boiteta, mentd., 469. 

Bowerbankia, Furre, 41. 

— gracillima, Hincks, 42. 

— imbrirata, Adams, 41. 

— pustulosa, Hincks, var. altemata, 

Waters^, 3, 41. 

Brachycentrus subnubilus, Curtis, food of 
fishes, 48, 61; food of birds, 62. 
Bream, Buffalo, 149. 

British Guiana, new genus of Isopoda from 
(W, E. Odlinge), 61-68. 

Bruchigavia novsehoUasdiss longirostris 
(Maeters), 478. 

Bueckum tokula, 209. 
Biigulad^ixtatm 3,6. 


Bulimus acutus. Mull., 206. 
Bulla/(mtinnlis, Linn., 218. 

— hypnw'um, Idnn., 204, 218. 


Calerea Boryii, Aud., 0, 

— bur^ifera, Ort., 6. 

— Darwinii, Busk,0. 

— Ellisii, Fkm., 0. 

— glabra, MacG., 6. 

— grandis, Hiuk ks, 6. 

— Hookeri, Busk, 6. 

— latn, Busk, 6. 

— llgata, Calv., 4. 

— minima, Busk, 0. 

— rostrata, Busk, 6. 

Cacospougia, Schmidt, 818. 

Calanus iinmurchicus (Gunner), distrib., 
98, 110-117, 122, 124, 126. 

— sp., food-value, 269. 

Calcineaj] sponges, their fragrance (Bidder), 
299-304. 

Callogobius mucosus (Giinth.), 483. 
Oampodete liibbocki (Silvestn), 481. 
Campylus liuearis (Linn.), 444. 

Oaucer, Linn., sp., mentd., flnote 259. 
Oantheriiies granulatus (Shaw),4i^. 

— hippocrepis ((^oy Sf Gaim.), 488. 

(’ape Crawfish, early larval stages, 189. 
Cape Veide Islands, marine fauna, by A. W. 

Watera, 1 46. 

Capriuiulgus europmus^ Linn., mistakes 
artificial for real insect, 68. 

Carabus violaceus, Linn., 444. 

Caranx georgiamis, Cm. «S* Val., 481. 

— platessa, Cuv. Val, 149. 
Carteriospongia, Hyatt, 310, 818, 822. 
Oarychium minimum, Mull, 204. 
Oatenaria Lafontii, Awl, 405. 
Catoptropelecanus conspicillatus ( Temrn. <$- 

Laug.), 477. 

Cats introduced to keep down rats in the 
Abrolhos Islands, 188, 457; mentd., 
400, 461, 472. 

Cellaria, JEUis, 405, 417; mentd., 17. 

— blseriata, Mapl, 4. 

Cellepora, Gmel, 16,17, 407. 

— amerioana, Osbum, 19. 

— avieularis, Hincks, 19. 

— globularis, Reuss, ftnote 402. 

— intricata, Cede., 4. 
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CeUepcra ses^spinosa, Waters, 22. ; 

—* spongites, Pall., 17. i 

CeUepordla hytdinaf Norm., 20. i 

Oentropages, Krby^t sp., distrib., 120. 

Oerchneis cenchroides unicolor (MiUigm)^ 

464. 

“ Oercids,” proposed new term for minute 
wandering cells,” 315. 

Ohastoceras, dietrib., 90,100. I 

— boreale, BaU.^ distrib., 101,104,124. j 

— coatortuni, SchiUt, distrib., 104, 124. ; 

— cnophilum, CVisir., distrib., 104,124. j 

— debile, Cleve, distrib., 101, 104, 106, | 

124. I 

— decipiens, CVsve, distrib., 104,106,124. ; 

— densum, Cteve^ ^strib., 101, 104,124. > 

— diadema, CUve^ distrib., 104,124. - i 

— sociale, Laud.y distrib., 100, 101, 104, i 

124. I 

— spp., distrib., 98, 100, 101; food-value, ' 

269. 

subtile, Chv€i distrib., 101. 

— teres, deve^ distrib., 101,104,106,124. 
Ohtetoceros, Mhrenb, =a ChsBtoceras, Kutz . 
Ohsstodehais maccullocbi, Waite^ 483. 
Chapman, F., Skerbormm a now genus 

of Foraminifera from Table Cape, 
Tasmania, 601-503. 

Chmanonia kifiimmaf Busk, 8. 

Ghelidon urbioa, Boie, its food, 51. 
Ofaelidonichthys kumu, Lew. ijc 483. 
Ohelonia mvdas, XtVin., 479. 

Ohenopis strata (Latham), 476. 

Chilodactyliis, Lac,, 485. i 

Ohiridotea, Harger, 69-72. * 

— cfeca, Jffarger, 78. 

— mbini, Stebbing, 74. 

— tuftsii, Harger, 74. | 

Ohiriscus, Bielmtrdeon, 70, 71. j 

— australis, Rkhardwn, maxillipedes, 69. 
Ohironomus, WolL, 451-453. 

— sp., 462. 

Obitin, new method of making micro¬ 
scopical preparations of, 67-68. 

Ohlceia dava (Phl,), 488,492. 

— capillata, &bx., 492. 

Chloeon, Leach, 453. 

— diptemm {lAnn,), 486-437. 

Chloride of lime used as hsh-poison in^ 
rock-pcpls, 130,160. 

Ohloroperla, Newm,, 486. " i 


Chorizopora Brongniarti, Minckt, 3, 21. 
Chrysopa, Leach, 440,463. 

— flava (Scop,), 441. 

Cidarids, 174. 

Olathrina, Gray, 30i ; mentd., 307. 

— clathrus, 0. SchnUdt, 307, 311,817. 

— contorta, Raeck,, 311. 

— coriacea (Dendy), 301, 807, 315, 817. 

— sp., 811. 

Olausilia hidentata, Strom, 205. 

— rugosa, Drap*H 210. 

— spp., 204, 210. 

Cleantiolla, Richardem, 69-71. 

Cliona, Grant, mentd., ftnote 324. 
Clupanodon neopilchardus (JSteind,), 479. 
Clupea harengiis, Linn,, pectoral girdle, 
506-609. 

— pilchardus, Watb,, pectoral girdle, 50S- 

509. 

— sprattus, Linn,, pectoral girdle, 605- 

509. 

Clupeids, new type of Teleostean C^arti- 
laginous Pectoral Girdle in, by E. 8. 
Goodrich, 505-509. 

Cnidoglauis megastamus (Rich.), 480. 
Oochliceila acuta (Mull,), 205. 

— barbava \^L%nn,), 206. 

Codiiim, IBtaok,, spp., 160. 

Culeoptera, inaxiilulse in the, 442-445. 
Oolidoiea, Richardson, 69-71. 
jCulliuge, W. E,, J^'aeubaris spinosus*, a 

new genus and species of terrestrial 
Isopo^i from British Guiana, 61-63; 
Oral app^dages of certain species of 
Marine Isopoda, 65-93. 

Coloration, warning, in tish and birds, 
47-60. 

Colpognatlius dentes, Ouv, 4 * Val,, 480. 
ConChodytes meleagrinse, Peiei% 351,392. 
Conescharelliua, dOrb,, 401, 408, 406-7. 

— angulupora, Ha»w,, 405, 411, 420-422. 
-r* angustata, dOrb*, 419. 

^ caneellata (Btisk), 419-423. 

— camellaia, Waters (pars), 420. 

— dithridiata, Greg,, 407. 

— conica, Hobw,, 421-424. 

— conica, Hantken, 423. 

— depressa, Hasw., 422. 

— degam, Watei;s, 421. 
eoccena, ^mani, 404, 424. 

— ttabellaris, Xee., 406,420-^423. 
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Oonetcharellina inciia^ Waters (pars)| 428. 

— pkilippinenais {Butk), 419-^423, 404- 

406, 411. 

Cottgrogadus siMucens, 483,486. 
Conus magus, Xtnn., 154. 

Copepoda, distrib. in Irish Sea, 96-126. 
Copidosoma, Ratz.f mentd., 831. 

Coral P'ormations of the Abrolhos Islands, 
176-180. 

Ooralliocaris lameUirostriSf De Man, 890. 

— lucina, Nobiliy 361,390. 

- siiperba (Dana)^ 361, 390. 

Ooris auricularis, Otv, IV//., 149, 482, 
486. 

Cormorants, mentd., 476. 

Coryzichthys dieinensia (Rich,), 484. 
Coscinodiscus, Rhr,, distrib., 99,100. 

— concinnus, W, Sm., distrib., 101,103. 

— Grani, Clevc, distrib., 103. 

— radiatus, Ehr.^ distrib., 101,103. 
Oosinopelia elegans (Temm,), 467* 

-neglecta, Mathews, 464. 

Ootile riparia, Jime, its food, 61. 

Crabs, mentd., 170. 

Crabyzos, 8p, Bate, 69-71. 

Crassatellites oblonga, 1\ Woods, ineut<i., 
601. 

Cribrilina acanthoceros, MacO», 12. 

— annulata, Fahr., 10. 

— Balzaci, Waters, 10, 12,13. 

— figiilaris, Mmcks, 12, 13. 

— Gattyte, Hincks, 10, 11,12, 13. 

— innominata, Norm., 12. 

— latimargiuata, Busk, 12. 

— monoceros, Busk, 10, 12. 

— nitido-punctata, Smitt, 12. 

— patagonica, Waters, 12. 

— projecta, Waters, 10. 

— punctata, Bass., 10,12. 

— radiata, Smith, 3,10; mentd., 2. 
Crinoid, sp., occurring in the Abrolhos 

Island, 170. 

O^serpia, JET. M, J3dw,, 32. 

Crisia, Latn,, 24-30; mentd., 2, 

—- acropora. Busk, 28. 

— aculeata, Hass,, 26. 

— bidliata, MaeG., 26. 

— conferta, Bu^, 4, 26, 29. 

— Corbini, Oanu, 26. 

— oribraria, Stimps,, 26. 

— euneata, Mapl., 26. 


Orisia denticulate, ilf. Edw., 26,28. 

- var, verdensis. Waters *, 3,27. 

— denticulata. Waters, 29. 

— ebumea, Hincks (pars), 26,80. 

- var, laxa, Busk, 30. 

— eburneo-denticulata, Smitt, 26, 

— Edwardsiana, d*Orh,, 26. 

— elongate, M. Edw,, 26, 28. 

— elongata, Harmer, 26, 28. 

— elongata, Norm., 4. 

— fistulosT, Heller, 26, .30. 

— geniciilata, M, Edw,, 25. 

— Holdsworthii, Busk, 26. 

— howensis, MacG,, 26. 

—■ indata. Waters, 26. 

— kerguelensis, Busk, 25, 30. 

— maxima, Rob., 26, 27. 

— operculata, Rob., 25. 

— pacifica, Roh», 27. 

— pugeti, Rob,, 26, 27. 

— ramosa, Harmer, 4, 26, 30. 

— serrata. Waters, 28. 

— sertularoides, d*Orb,, 26. 

— sigmoidea, Waters, 3, 29. 

— sinclairensis, Busk, 28. 

— tenella, Calv,, 4. 

— tenuis, MacO,, 26. 

— tubulosa, Busk, S, 26, 26. 

— vincentensis, Waters *, 3, 20. 

Crossland, Cyril, coll., 1,345. 

Cryptoplax, Grag, sp., 170. 

Cubaris, Brandt, mentd., 01. 

Oumulipora angulata, v, Maehr., mentd., 

16. 

OuncUma leucogaster (Gmel.), 477. 
Cupularia, Latnx., 401- 416; mentd, 6, 

— bidentata, lleuss, 404. 

— canariensis, Busk, 399- 403, 406, 407, 

410, 413, 421. 

— deformis, Busk, 413. 

— denticulata, Conrad, 412-416. 

— doma, 8mitt, 418. 

-7 guinee^isis, llu.sk, 411. 

— Haidingeri, Reuse, 413. 

— Haidingeri, Manzoiii, 414. 

— Johnsoni, Busk, 411, 413; mentd., 399- 

402. 

— Lowei, Busk, 400, 402, 412, 413, 416; 

mentd., 899. 

— mmima. Busk MS*, 419. 

— Oweni, Grag, 4, 413. 
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Oupulaiia UemBiam^ Mamtoni^ 413. 

— umbellata^ 4, 400, 433, 414. 

Ojcloloculina, Hei’onrAllm 4* Borland^ 

mentd., 302. 

— annulata, HeronrAllm Marlandt 

mentd., ftuote 602. 

— polygyra, JSLerm^ Alien ^ Earland^ . 

mentd., 602. 

Cyclostoma aeutum^ Drap., 209. 
Cymbalopora, 408. 

Cynthia, Gristl,, mentd., 283. 

Oypsdus apufi, lU,, its food, 61. 

Oytherea reticulata, Linn,, 154. 


Daclylophora nigricans, JHch,, 482. 

Dakin, W. J., Percy Sladeu Trust Expedi¬ 
tions to the AbrpUios Islands, 327- 
180. 

Dampieria liueata, CW., 480. 

Darwin, Charles, his visit to the Abrolhos 
Islands, 133. 

Dascitlns, Latr,, 443. 

Defranoia, Brown, mentd., 37,38. 

Delma fraseri, Gray, 401. 

Deinigretta sacra cooktowni, Mathewe, 
476. 

Dendronotus, Ald^ ^ Uanc., mentd., 170. 
Denisonia coronata (Schley ), 460, 408. 
Dermaptera, inaxillulm in the, 4tlji-434. 
Diackcrk hirtueimu, Heller, 8. 
Diastropbus, Kart,, mentd., 329. 

Diatoms, distrib, in Irish Sea, 96-120. 
Diloptaxis, MeusBj 409. 

Diplodactylus omatus, Gray, 461. 
apinigerus, Gray^ 461. 

— vittatus, (Gray, 401. 

Diplopterus, Ayase., mentd., 384, 187. 
Diplosoma, Barre, sp., abundance, 257. 
Diptera, occun*. on tlie Abrolhos Islands, 

170; maxillulss in the, 451, 462. 
Dipterus, Si^iy, ^ March., mentd., 181. 
Discocavea, Marn., 37. ^ 

JDUeoesoharitei, Hoemer, 408. 

Dieeq/ludra dofna^ d’Orb., 414. 
IHioqflmtroUa, d'Orb., 408,414. \ 

— doma, d^Orb., 413. 

IHeet^uMireUm^ia, d’Orb., 408, 414. 
Discopora a^ovtrk f, pmiUa, Smiit, 

— eoccinea, BmUt, mentd., 13. 

— steuostuma, SmiU, niebtd., 33. 


Discopora ventricosa, Smitt, mentd., 13. 
Diicopotylla, d’Orb., 401, 408. 

— Beradana, d’Orb., 414. 

— umhellaia, d’Orb., 414. 

Discosparsa marginata, d’Or6., 37. 
Dolphins, mentd., 469. 

Dorodotes levicarina, Sp, Bale, 346, . 

Doryphora, lU., mentd., 463. 

decemlineata, Say, 445. 

Dry-rot, efflorescence, mentd., 299. 


' Echiuometra niathae, Bininv,, 148, 170. 
ISchinus esculentus, Xtnn., 176. 

— ep., mentd., ftnote 259. 

Edotia, Guir,^Mhi,, 69-72. 

— bicmpida, Miers, 88. 

— Ucu^da, G. 0. Sars, 88. 

— hirtipes, Miers, 86. 

— nodalom, Miers, 89. 

Egcrniii kingi ( Gray), 461. 

— stokesi {Gray), 461, 466,407. 

— white! (Laeep,), 461, 468. 

Emberiza sclioeniclus, Linn,, its food, 52. 
Engidotea, Barnard, 69-73.„ 

Ennolipora, Gobb ^ Korn, 409. 

Eiioplosiiis armatus (89iata), 482. 

‘ I lilntalophora roripora. 4!0rb,, 4. 
j — reticulata, Calv., 4. 

— subverticiilata, Calv,, 4, 

5 ^ Enteropneust, a new, mentd,, 180. 

Ephemera, Lim., 435,.436. 
i — danica, Mall,, food of fishes, 48, 61 ; 

I food of birds, 62,53. 

I Ephem^relln ignita, Bvda, food of Tiout, 
57 ;.ns artificial insect talven by birds, 
j 5S. 

, Ephexneridm, maxillulss in tin*, 436-436. 
Epitnys fuscipes ( ff^alerhoitee), 459, 467. 
Epinepbelides armatus (Caet.), 480. 

— leai, Oyilby, 480. 

' Epinephelns fasciatus, Lbrsh,, 480. 

—' merra, BM, 480, 486. 

Eriohson^la, Benedict, 69-72. 

— attenuata, Bichardeon, 86. 

Erioheoma attmuata, Haiger, 86. 

Erolia ferruginea ebiuensis (Gray), 476. 
Mehara ^ponyitee, Pall, (pars), 16. 
ISuchseta norveglca, Boeek, distrib., 114, 

m, , 

^ Ettdyptttki minor woodwaidi, Mathem,l^, 
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FaiMotea, CuUvtge*, 69-71,84. 

— peronii, CoUinge*, 84. 

ICumetopias albicollis (P4nm), 478. 

Kuuice ant#?unata {8av.), 488, 496. 

— australifl, Qmtrefayes^ 488, 405. 

— hamnm, Ueft\\aiii, 405. 

— EUtji^ Baird, 495. 

— lemodont Ehlcrs, 496. 

— leuconuchaliSj Bon ham, 495. 

— Murrayif Mclnt, 496. 

— pycnohranchiata^ AJcInt., 405. 

— Sicilieusis, Gmhe, 487-480, 496. 

— teniaeiilata, Qmtrefages^ 488, 496. 

— vatida^ Gravier, 496. 

Eurytboe fdeyonia^ Grnviev, 492. • 

— coniplanata 488, 492. 

— UeoUetiSf Faiiv., 492. 

Eiisicyonia carinata (0/u’.), 845, 360, 368. 
Eusynimertis, Itichayd$onf 69-71. 
Eutlmlenesaa djiboutienais, Gravier^ 488, 
492. 

Evans, A, M., Structure and occurr. of 
MaxillttlfS in the Oi*ders of Insects, 
429-460. 

ExocttJtus, Linn,^ mentd., 608. 

Exogono clavigora, Ciaparklef 219, 232, 
234, 280. 

— fmtilera, Hasw, *, 218, 222, 227-240. 

— gonimifcra, l\iypmt4>cher, 218, 283, 280. 

— hPterochtPfa^ Mclnt. (splialin.), 218, 221. 

— heteru'»ctosa, McTnt.^ 221,239. 

— nuiidina, (Ersled^ 219, 230. 

— verrugera, ClaparMe, 219,221,227,239. 
Exogoneee, 217-242. 

Expeditions to the Abrolhos Islands (W. J. 
Dakin), 127-180. 


Fauna of IIoulman’s Abrolhos Islands 
(Alexander), 467-486. 

Fauvel, P., Ann^liies Polych^tes de 
rArcliipel Houtman Abrolhos, 487- 
600. 

Feeding-habits of iish and birds, by J. 0. 
Mottram, 47-60. 

Fenasa melanopoda, Cam., 449, 450. 
Filisparsa superba, Jtdl.^ 4. 

— tubulosa, Bu$hf 33. 

Fish, feeding-habits, 47-60. 

Flabellopora el^gans, d*Orh,, 422. 
Flustralta liiq^idii, Gray, 3, 38, 402. 


Forlicula, im»., 462,463. 

— anricularia, Limi., 433, 484,439-442. 
Fringillidae, mentd., 62. 

Frogs, mentd., 169. 

Fucus, Lvm.f app., abundance, 250. 

Fungia (Lam,), its absence in the Abrolhos 
Islands noted, 158. 

Fusus, Latit., sp., mentd., ftnole 259. 

Gabianus paciiicus georgii (King), 473,484. 
Galeichtbys thalassinus, Riipp,, 480. 
Galeorhinus antarcticus (Gunth,), 479. 
Gastcrosteus, Linn., nientd., 608. 

Gateaby, .T. B., Genu-cells, fertilization 
and early development of Qranlkt 
(Hycon) compreaea, 261-297. 

Gelignite, used for capture offish, 130. 
Ge^mllipora arhmeuia, Calv., 23, 24. 
Qeotrupes, Fahr., 443. 

Gephyvea. Koch, mentd., 160. 

Gerri.s thoracica, Fnhr., not taken by Trout, 
50. 

Gilbert, John, collector, 458. 

Gilchrist, J. D. F., Post-Puerulus stage of 
JaituB talandd (Milne Edw.), Ortmann, 
189-201. 

Glaucosoma hebraicum. Rich,, 481. 
Globigeriim, d'Orb., sp., mentd., 153. 
Glottis nebularius glottoides (Vigors), 475. 
Ql vptidotea, 8 ebbing, 09-72. 

— lichtensteini, Stehbing, 77. 

Glyptonotus, Eights, 71. 

— c<ecu8, Miers, 73. 

— sabini, Miers, 74. 

— sp., mentd., 70. 

— tnftsii, Miers, 74. 

Gonii&tius gibbosus, Rich., 482. 
Gonodactylus bievisquamatu-a, Pauh., 345, 

351, 302-364. 

— chiragra (Fahr,), 101, 359; mentd., 363. 
- rar, smithii, Pococh, 351. 

^ demaiii, Hondernon, 345, 351, 359. 

- var, spinosus, Bigelow, 345, 351, 

361. 

— Jimbriatm, Lenz, 345, .362-364. 

— glaber, Brooks, em, Henderson, 351,302. 
- mr, rot undue, Bo}radaih, 362. 

1 — — var, ternatensis, De Man, 362. 

i — graph urns, Miers, 346. 

I — pukhellus, Miers, 346, 346, 351, 304. 
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Gonodactylus Bplaosu«, Lem^ S61, 865. 
GotioiihynchuB greyi, JRibA., 480. 

Goodrich, E. S., Kostorations of the head 
of OdUdepis^ 181-188; new type of 
Teleostean Cartilaginous Pectoral 
Girdle found in young Clupeids, 506- 
509. 

Grantia, FUm.^ 317. 822. 

— compreisa (O. Fab.)^ 290, 300-812, 817, 

818,321,324; germ-cells, fertilization 
and early developnieut, by J. B. 

. Gatenby, 261-297. 

Grubea clavata, Qmttefage8f 236, 240. 

— furcelligera, Aug,, 218. 

— kerguelensis, dfciniJ., 218,223,228,281, 

286, 240. 

— limbata, Clapar5de, 228, 229. 

— quadrioculata, Aug., 218, 223,228, 231, 

i586,239, 240. 

— pretandrica, Aug,, 236. 
puailla, Dujardin, 222, 285, 236. 

— puailloides, Ha$to.*, 222, 228, 284, 240, 

241. 

— sp. undet., 231. 

— tenuicirra^a, Claparhde, 223. 
Guauo-eollecting, method used in the 

Abrolhos Islands, 188; its effect upon 
flora, 138. 

Guancba ooriacea, (P), 316-317, ftnote 807; 
mentd., 299. 

-i^ro;tms primordinlis, 300. 

Guinardia, Perag., distrib., 99,101. 

— fiaccida, Perag,, distrib., 108,124. 

Gulls* nests on Abrolhos Islands, 160; 

mentd., 476. 

Gymnodactylus militisii (Borg), 460. 


Hismatopus ostralegus picatus {Bing), 
474, 484. 

— niger bemieri (Matbem), 474. 
Halichondria panicea, Jchmt,, 264. 
Haliportts steindacbueri, Balu, 346. 
Haplarmadillo, DoUfus, mentd., 61. 
HarpiUiipds, Borrad., 386. 

— beaupren, Borrad., 388, 380. 

— depn^sus, Borrad., 388, 389. 

Harpilius, JDam, 888. 

— beaupresii (Aud.), 861, 889. * 

— consobrinos, de 

— depresstts (Stianpf,), 346,351, ^9. 


Harpilius gerlachei, Nchili, 345,361,868, 
880, 390. 

— lutescens, Dana, 888,889, 

Haswell, W. A., The Exogonem, 217-242. 
Ilaswellia alternaia, Calv., 4. 

Helicella itala 206. ^ 

— sp. ?, 204. 

— virgata (Da C.), 206. 

Helicigona lapicida (Zmt,), 205,207. 
Helicodonta obvoluta (MuU.), 205. 
Heliodoma implicata, Calvet, 419. 

Helix acuta, Mull,, 206. 

. — albella, liinn., 204. 

— arhustorum, Linn., 204, 207. 

— aspersa, MiUl, 206, 207. 

— aurievlariu, Linn., 210. 

— baltbica, Linn., 211. 

— barhara, Linn., 206. 

— Basteri, Linn., 213. 

— cannula (Qmel), 206. 

— oellaria, MuU., 205. 

— eomplatiatuB, Linn., 204, 212. 

— eaneinm, JeOreys, 207. 

— cofUecla, Millet, 214. 

— contortm, Linn., 212. 

— comeut, Linn., 211. 

— fasciata. Mull,, 214, 

— fragilis, Linn., 204. 

— gothicR, lAnn., 206. 

— gtisea, Linn., 205, 207. 

— hitpida, Linn,, 207. 

— hortensis, Mdll, 208. 

— itala, Linn., 200. 

— lapidda, Linn., 206;' 207, 

— leucaB, Linn., 208. 

— Umoia, Linn., 204,211. 

— lubrica, Mull, 209. 

— nemoxalis, Linn., 207, 208, 

— octona, linn., 209. 

— pisana, Mtill., 205, 208. 

— pifana, Ehrbg., 209. 

— plano^bk, Linn., 211. 

— pomatfii^ Linn., 207, 208. 

— pulchella, MiiU., 205. 

— putri$, Linn., ?10. 

— spiivrbitt, Linn., 204, 212. 

— $tagnali$, Linn., 211, 218. 

— 9tagnartm, Gmel., 213. 

— iubegUndi^icu, Linn., 200, 

*— tentawlota, linn., 211, 213. 

— vimpamt Linn., 211, 213,214. 
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Hdix rmtex^ Linn., 212, 

Helodes, Pay/c., 442, 

Hemerobius, Linn,, sp., 441, 442. 
Heraiinwus hanaenx, ^rp, 44J^, 444. 

■— talpoides, Hansm, 433. 

Uemipodiw mntillans, Gould, 408 , 463. 

— vanuB, Temni., 403. 

IlepialuB hiimuli, Fahr,, 447. 
lleptageuia, VayBsikre, 435. 

— sulfiiria, M^L, not taken by Trout, 60, 

51; as bird food, 53. 

Herdman, W. A., Spolia Kuniana.—III. 
Distrib. of certain Diatoms and Cope- 
poda .... in the Tnsh Sea, 95-126.— 
IV. Notes on the abundance of some 
marine animals, 247-259. 
llermenia ven'^mdosa, Grube, 491. 
Herrings, their food, 122. 

Hesione Elder si, Gravier, 493. 

— paniherina, Emo, 488, 498. 

— Bplendida, Aug., 493. 

Heteractis, Can, ^ Band,, 407. 
Ileterodoiitus philippi, Black <S* Schmder, 

149, 479. 

JTeteronota bynoei (Gray), 460. 
Heteroscarus iilamentosus, Cast,, 483. 
Hetoroscelus incaniis brevipes (Vieillot)^ 
475. 

lloterostegiua, dOrb,, absence on Abrolhos 
Islands, noted, 160. 

Hippolyte orientalis, Heller, 38«‘l, 

— protons, Pauls,, 351,382. 

— Tarians, Leach, 383. 

— ventricosus, M, Edw., 383. 

Hippoihoa Brongniartii, d'Orh,, mentd., 

ftnote 11. 

— distans, MacO,, 3, 20. 

— divaricata, Lamx,, 3, 20. 

— hyalina, TVa/ers, 3, 20. 

— Bponyit-m, Smitt, 16. 

Hircinia variabilis, ISchuhe, mentd., 309, 
310, 312. 

Hirundo neoxena carton, Matketos, 465, 

— rustica, Linn,, its food, 51 ; mistakes 

artificial for real insect, 58. 
Histriobdella, Ben,, mentd., 332. 
liogben, L. T., Nuclear Phenomena in the 
Oocytes of the Gall-fly Neuroterus, 
327-3J13. 

Holoporella, Waters, 404,407. 

— aperta, Waders, 3, 28. 


Holoporella pusilla, Waters, S, 22. 
Holothurians, occiirr. in Abrolhos Islands, 
161. 

Hornera brancoensis, Oalv,, 4, 

— ebmmea, Calv.', 4. 

— tubulosa. Busk, 33. 

Houtman’s Abrolhos Islands, see Abrolhos 
Islands. 

Ilydroprogne tscbegrava strenua (Gould), 
470. 

Hydropysche, Piet, sp., 447. 

Ilygi’oinia hispida (Linn,), 204, 207. 
Hylotoma rosm, Berlese, 448. 
llymenoptera Tenthredinese, maxillulse in 
the, 448-461. 

Hyj)t>leucii8 variiis hypoleucus, Brandt, its 
nest, 160. 

-perthi, Mathews, 470. 

lIyp(*plectrodes nigrorubrum, Cuv, ^ Val,, 
480. 

Hyporhamphus intermedins (Cant), 480. 
Ilypotmnidia philippensis (Linn.), 464. 

-mellori, Mathews, 464. 

Hypsipops microlepsis, Giinth,, 482. 


Ichthyaria avicularia, Calv., 4. 
Idmonea, Lam,, mentd., 31. 

— atlantica, Forbes, 4. 

Ldotea, Fahr., 69-72. 

— affinis, M. Edw., 81. 

— baltica (PaU.), 79, 80. 

— bicuspida, Owen, 88. 

— bicuspida, Streets & Kingsley, 88. 

— caca, Say, 73. 

— caudamta, Haswell, 84. 

— distincta, Gudr.-Mdn., 84. 

— edwardsii, Qudr.-Mdn,, 81. 

— e,xcavata, Hasw., 81. 

— festiva, Chilton, mentd., 70. 

— granulosa, Bathhe, 79-81. 

— hirtipes, Dana, 76. 

— hirtipes, M. Edw., 86. 

— irrorata, Harger, ftnole 79. 

— lalandii, M. Edw., 81. 

— lichtmsteini, Krauss, 77. 

— nutrina var. phospkorea, Miers, 79. 

— marmurata, Packard, 88. 

— media, Dana, 76. 

j — nitida, Heller, 81. 

— nodulosa, Kroyer, 89, 
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Idotea oTi^oneniUf Dana, 76. 

— /MTomt, M. Edw., 84. 

— phosphorea, Harper, 79. 

— pmlchra, Lockington, 88. 

■— rectilinea, Lockington, 78. 

— resecata, Stimps., 76. 

— eahifii, Kroyer, 74. 

— strusta, Dana, 84. 

— tufUii, Stimps., 74* 

— mgulata, Lam., 81. 

— whitei, Stimps., 76. 

— wosneeenekii, Brandt, 76. 

Idoteinea, CoUinge *, new group of Valvi- 
fera, 71. 

Ilybius, Eriche,, 462. 

Irish Sea, distrib. of Diatoms and Cope- 
poda in, 96-126. 

Isias, Boeck,, sp., mentd., 122. 

Isolepisma, Sihse^ri, 432. 

Isopoda, a new genus of, from British 
Guiana (W. E. Collinge), 61-63 ; Oral 
appendages of, by W. E. Collinge, 
06-93. 

Isotoma palustrifi, MUU,, 48«3. 


Japyx, Halt 431. 

JTassa falcata {Mont,), 370. 

Jasus lalandii {Milne Edw.) Orimann^ a 
Post-Pueriilu« stage of, by J. D. F. 
Gilchrist, 189-201. 

Julis, Cui\, sp., 486. 


Kangaroo, early description of, 467. 

Kennard, A, 8., and B. 13. \Voodward, 
Linnean species of Non-Marine Mol- 
lusca in the Linnean Collection, 203- 
216. 

Kent, Sflville, his ^i8it to the Abrolhos 
Islands, 133,. 134; incorrect about 
plutonic recks in the Abrolhos Islands, 
187. 

Kionidella, Koevh,, 408. 

Kyphosus f} dne} anus, Gimth., 482. 

Lacuna, Tw t,, spp., abundance, 267, 

T^onipora, Hincke, ftnote 402. 

Lagoa erispata. He Qi^gee, 446. 

Liaminam, spp., Abundance, 253,250, 


Laminopora conforto;, Mich., 28. 

Iiaridfie, mentd., 62, 

Lates oalcarifer, Bkok, 481, 485. 

Lauderia, Cltve, distrib., 99,100. 

— boreidis, Oran, distrib., 101, 106, 124. 
Leander concimms {Dana), 346, *361, 393. 

— erraticus, Heenu, 893. • 

— longicarpue, Ortm., 393. 

— natator, M. Edw., 346, 893. 

— natator, Nobili, 892. 

— squilla {Linn), 892. 

— tenuicornis, Sag, 846, 361, 392. 
Lepidaplois vulpimis {Btck.), 482. 
Lepidocampa dmbriatipes, Carpenter, 4^1, 
Lepidonotus acantholepis,. Grnhe, 488- 

491. 

— carinulatus, Gnthe, 488, 490. 

— cristatus, GrtAe, 488, 489. 

— ociilatus, Baird, 488,489. 

— squamatus (Linn,), 490. 

Lepidoptera, maxillulas in the, 445-447. 
J^episma, Linn,, 452 

— saccharina, Linn., 432. 

Lepra)ta brancoensis, Calv., 4. 

— ciliata, Bnrrois, 23. 

— collaris, JulL, 22, 

— crassimarginata, Hineks, 22. 

— cucullata, Bmk, 3, 21, 

— fieea, Busk, 22. 

— Magnemlln, Busk, 21, 

— peiistomata, Waters, S, 21. 

— Poissonii, HiV/cO’S, 4; fhentd., ftnote 11. 

— Wateni, Cal ,, 22. 

Leptophietlion lepturus dorotheie, MatJwwi, 

477. 

Leptopblebia nuurginata, Eaton, not taken 
by Trout, 6r>. 

Lethrinus opci'calaris, Cu\>. ^ Val., 461, 
486. 

Leucandra aspeva, O. Schmidt, 299, 816, 
317. 

Leuciscus cepbalus, Flem., its food, 61. 

— leudscus, White, food of, 48, 61. 

— ruti]^s^ Flem., its food, 61. 

Lenoopolios ruficapillus toruienti 

{Mathews) 474, * 

Leucosolenia. Bow*, 801,310, 315. 

— eoriacea ( Elem.), mentd., 807. 

— gardineri, Dendg, 307^ 312. 

— poterhim, Hofickei, mentd., ftnote 307. 

stolmfsr, ftnote ^2. 
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Leuctra; Steph.^ 436. 

Lialis burtonis, Qray^ 461. 

Liclienopora, Defr,, 37, 38. 

— boletiforniis, d’Orb,^ 37. 

— biillata, MacG,y 36. 

— californica, Waters, 36. 

— coujuncta, 87. 

— cumulata, Mich,, 37. 

— eclxinata, MacG,, 35. 

— formosa, d'Orb,, 36. 

— Francquana,€^’0/^., 36. 

— gregaria, d'Orb., 37. 

— hispida, Flem,, 36. 

— Holdsworthii, Busk, 34,86, 80. 

— irregularis, Norm., 3, 33, 36, 37, 

38. 

- var. composita, Waters^, 3, 34, 38. 

— magnidca, MaeO., 86. 

— meandriiia, Peach, 36, 37. 

— njicropora, Beuss, 37. 

— multistellata, d'Orb., 37. 

— neapolitana, Waters'^ (iiom. tent.), 36. 

— iiovce-zelandiae, Busk (sp. dub.), 34, 35, 

86. 

— pristis, MacG., 36, 37. 

— pustulosa, Waters, 36. 

— radiata, Hincks, 35. 

— «p,, nientd., 2. 

— suecica (Jlemiiy), 37. 

— turbinata, Defr., 37. 

— verriicaria, Fabr., 37. 

— Fictoriensis, Waters, 36, 30. 

Limax agrestis, Linn., 200.* 

— albus, Linn., mentd., 203, 

— atei', Linn., 206. 

-var. rufus, Linn., 200. 

-var. albus, MU11., 200. 

— flavus, Linn,, 206. 

— maximuB, Linn,, 206. 

Limestone in the Abrolhos Islands, 137, 
154. 

Limueea auricularia (Linn,), 210. 

— glabra {Mull.), 209. 

— palustris (Mull.), 205. 

— pereger (Mull,), 210, 211. 

— stagnalis (Linn,), 211. 

— truncatula (Miill,), 211. 

Linnean OollectionB, Kon-Marine Mollusca 
in (Kennard & Woodward), 203-216. 
Liolphus planissimus (Herbst), occurr. in 
Abrolhos Islands, 161. 

LINN, JOUBN.;p-ZOOLOaY, VOL. XXXIV. 


Lithodomus, €hii\, lOO. 

Littorina, Fir., spp., abundance, 255, 257.1 
Lizards, mentd., 133, 170,174,477. 
Lunularia, Husk, 417. 

Lunulites, Lam,, 401-408, 418. 

— angufopora. Woods, 422, 

— Beisseli, Marss,, 403. 

— cananensis, Manzoni, 411. 

— canariensis, Busk, 400, 

— cancelluta, Busk (pars), 419. 

— conica, Btisk, 418. 

— cupulus. Busk, 403, 417. 

— gibbosa, Busk, 403, 417. 

— goldfuBsi, Hag., 402, 403. 

— Hagenowi, Bose, 403. 

— llaidingeri, Reuss, 414. 

— incisa, Hincks, 422. 

— leevigata, Canu, 402. 

— mitra, Marss., 403. 

— patelliformis, MapL, 403, 417. 

— patelliformis, Marss., 417. 

— philippinensis, Busk, 420. 

— radiata, Lamx., 418. 

— repandus, MapL, 417. 

— salebros, Marss,, 403. 

— sella, Marss., 402, 403. 

— semilunaris, Marss,, 417. 

— transiens, Gregory, 403. 

— umbellata, Defr., 414. 

— urceolata, Cuv., 410. 

— urceolata, Blainv., 414. 

— urceolaia, Lamk., 410. 

J.ulianus chry so taenia, Bleek,, 481,486,486. 
— johni, (?), 486. 

Lycodontis woodwnrdi (McCulloch), 480. 
Lygosoma lesueuri, Dum, ^ Bibr,, 461. 

— praepeditum, Blngr,, 462. 

— qiiadrilineatum (Dum. Sc Bibr,), 402. 

— richardsoni (Gray), 462,468. 

— sp., 462, 466. 

Lymnodynastes dorsalis (Gray), 462. 
Lysidico collaris, Grube, 488, 490. 

— fnllax, Ehlers, 496. 

— Ninetta, Aud. ^ Edu., mentd., 496. 
Lysiosquilla multifasciata, WoodrMasan, 

361, 359. 

Lysmata trisetacea, HelUn', 346. 


Machilis, Lair,, 429, 432, 452, 453. 
Mackerel, its food, 122. 
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Macrocliiridotliea, 6t>~71. 

MaerouBctes giganteus albus (Potts), 409. 
Macropu^ eugenii^ Desm., 159| 407; Pel* 
sart’s description of, lo2. 

—- — houtmanni {Gould), 409. 

Macrura, occurr. in the Ahvolhos Islands, 
170. 

Maerurans, oocurr. iu Abrolhos Islands, 101. 
Macrurous Decapods, Red 8ea, 866-398. 
Madrepora corymbosa, P. Forth,, 164,161. 

— sj)., 168,161. 

Mallopbaga, maxillulfe in the, 487. 
Mamestra porsicariae (lAnn,), 446. 
Mamillopora, Smitt, 408. 

— bidentata, JSetiss, 401. 

— cupula, Smitt, 404. 

— £dward8i,.</iii/., 4. 

— simplex, Kosch,, 4,404. 

— Sniittii, Calv., 4. 

Mangroves, occurr. on Abrolhos Islands, 
13.5,106,170,174. 

Marcgravia diemensis (err.), 485, 
Margaritaiia margaritifera, Xtmt., 216; 
mentd., 372, 876. 

Marine animals, Notes on the abundance 
of (Spolia Buniana IV.), by W, A. 
Herman, 247-269, 

Muxillulss of Insect.^, Structure and occurr., 
by A. M. Evans, 429-450. 

Meaudrina, Lam., sp., 168. 

Megaliclithys, Agass,, mentd., 187. 
Megalopterus tenuirostris meltinops (Oould), 
472, 484. 

-tenuirostris ( Temm, ^ Laug^, 484. 

Megaptera longimaiia, Hud., 478. 
Molanofms fifnoratus, Sciidd., 4.14. 
Melanosterna aneethetus uoveD^hollandise 
{^pkens), 471. 

Meleagriiia, Linn., mentd., 392. 
Meliceritites, JRoem., 16. 

— sp., mentd., 16, 

Melobesia, Lam., mentd., 18. 
Membrauipora bellula, HincJcs, 4. 

— canariemis, Smitt, 411. 

— cervicomis, Busk, 4. ^ 

— crassimarginata, Hineks, 9. 

— curvirostris, ILincks, 3, 9, 

— Dumerilii, Aud., 402, 

(?) filum, JuU., 4. 

— FUmingH, Waters, 9. 
granulifera, Sintks, 4. 


Membranipora lineata (Linn.), 402* 

I — nitida, Joh\9t,, 402. 

— patellaria, Moll., 4,18. 

— pilosa (Xtnt*.), 402. 

— quadricovnuta, Wolars *, 8, 9. 

— tenuirostris, Hinclts, 8,9, 402. 
Membraniporella, Smitt, 11. 

— lineata, Hinch, 10. 

— nitida, Smitt, 10-12. 
Mesembryantbemum, Linn., sp., occurr. on 

tbe Abrolhos Islands, 105. 

Mesidotea, Btehardson, 69-72. 

— sabini, lUchardson, 74. 

Mesoprion Jobni, FUnatd, 486. 

Metapensrus curvirostris, Nobili, 867. 

— stebbingi, Nobili, 865. 

— va^lanti, Nobili, 366. 

Microcalanus pusillus, Sars, distrib., 90. 
Microcanthus strigatus {Cuv. ^ Val.), 

482. 

Mioropora, Grag, 408; mentd., 6,16. 
Microporella ciliata, Ilarmor, 3, 23, 402. 
coronata, Aud., 408. 

— diadsma, MncG., 402. 

— impressus, Atd., 402. 

— Malusii, Aud,, 402. 

— nolacea, Jobnst., 4. 

Microscopical preparations, new method 
described, 67-68, 

Miliolina, Ehr., sp., 168. 

Mimicry in fish aridTbirds, 47-00. 

Mioca, Pmrse, mentd., 61,63. 

Minnows, food of Trout, 48. 

’ MoUia hgalina, Barrois, 20. 

MoUusca, Linnean species of Non-Marine, 
ill the IJnnean Coll., by A. S. 
Kennard & B. B. Woodward, 208- 
216. 

Monacanthus chinensis, Bhch, 483, 

— megalourus, Mich,, 488. 

Moutipora, Quog ^ Gaim., sp., 1(58. 
Motacilia boarula, Linn., its food, 52; mis¬ 
takes artidcial for real insect, 68. 

— lugubris, Linn,, its food, 52. 

— rayi, Bonap., its food, 62; mistakes 

artificial for real insect, 58. 

Mottram, J. C., Feedii^-habits of fish aud 
blrdi^ with special r^erence to warning 
coloration and mimiciy, 47^60, 

Hifller, 0. F., his work on Mollusca referred 
" to,208. 
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MoiMifftra gngaria, d’Orb,, 87. 

— mictopora^ Heuss, 37. 

Mtttadxui nubila, Rich.j mentd., 480, 

Mujsea domestica, lAnn,, feed of Wagtails, 

53. 

MuHcieapa griflola, Linn,, mentd., 62; 
feediug-habits, 57. 

Mutton-birds, presence on the Abrolhos 
Islanda, 138,156,160,174, 468,477. 
Mya lutravia, nom. Linn. 204. 

— margaritifera, Linn., 204, 215. 

— pictorum, Linn., 214. 

— tutmdus, Linn., 214. 

Mycetopliila, Meig,, 451. 

Myobatrachus gouldi {Gray), 402. 
Myiiossoum strangulatum, Calc., 4. 
Myrmecopliila, Latr., 434. 

Mytilus anatina, Linn., 216. 

— cygnea, Linn., 216. 

— edulis, lAnn,, abundance, 252-264. 
Myxomycetes, inentd., ftiiote 322. 

NautHm arista, Jdnn., 212. 

Nealbatrus chlororhyiichus carteri {Moth^ 
schild), 470. 

Noatypus obliquus, TVaite, 481. 

Nebria brevlcollis, Fahr., 443, 444. 
Nematus Erichsonii, Hart,, 449. 

Nemura, Latr,, 436, 453. 

— sp., 437. 

Neosebastes panda (Rich,), 483. 

Nereis deuhaiuensis, Aug., 488, 494. 

— pelagica, Linn., ineiiid., 494. 

Nerita Jiuviatilis, Linn., 214. 

— lacustris, Linn., 204, 214. 

— litttij'alis, Linn., 204, 

Neuroptera, maxilliilaB in the, 439-442. 
Neuroierus, Hart., nuclear phenomena in 

the oocytes, 327-333. 

— lenticularis, Oliv,, 327, 329. 

— iiumismatis, Oliv., 328, 329. 

Nikoides danse, ^auls., 394. 

— maldivensis, Sorrad., 394. 

— spp., 345, 351, 394. 

Niteschia delioatissinia, (Hevs, diatrib., 99. 
Notodoris citrina, Rergh, mentd., 161. 

— sp., occurr. in Abrolhos Islands, 161. 
Notopygoa biapidus, Fatts, 488. 

— — isw*. mmtva, Fmv., 493. 

— labiatns, xnontd., 498^ 


Notopygos labiatta (P), Benham, 493. 
Nuclear phenomena in the oocytes of 
New^oterus, by L. T. Hogben, 327- 
333. 

Nudibranch, occun*. of a new, in the 
Abrolhos Islands, 170. 

Nunienius cyanopus, Fieillot, 474. 
Nycliphanes norvegica (AT. Sars), dlstrib., 
114. 


Odax richardsoni, Giinth., 482. 

Olthona helgolandica, Claus, distrib., 98, 
110-112,118,124. 

— similis. Aid. & Hauc., 98, 118. 
Oliothops cyanomelas, Mich., 482. 

Oniscus ungulatus, Pall, 81. 

Onychocella augulosa, Beuss, 4, 417. 
Onychoprion fuscata serrata ( Wagler), 471, 

484. 

Ophthalmolepis lineolatus, Cuv, ^ Val,, 
482. 

Oral appendages of Isopoda, by W. E. 
Collinge, 66-93. 

Orhitoides steUatm, Giimb., 401. 
Orbitolites, Lam., sp., lueutd., 153. 
Orbitulipora petiolus, Lonsd,, 404. 
i Orthophragma stellata, Oiimhel, 401. 
Oi'thoptera, maxillulse in the, 434 -435. 
Ortygodes varius, Ooidd ?, 467. 

-scintillans, Gould, 462. 

- stirlingi, Mathews, 468. 

-varius, Mathtws, 463. 

Oscarella, Vosma^r, 310, 322. 

Oscillatoria, Vauch,, 322. 

Ospreys, 174. 

Osteolepis, Val., Restorations of the head 
1 of, by E. S. Goodrich, 181-188. 

— macrolepidotus, Ag., 181-180. 
Osthimosiu avicularis, Waters, 3,19. 
Otaria aibicoUis, Pdron, 478. 

! — australis, Quoy & Gaim., 478. 

Utieuella, Can. ^ Bassl, 407. 
Otiorhynchus, Germ., 453 
— Bulcatus, Fabr., 445. 


Paebymatisma johnstoni, Bowerh., 254. 
Peedophylax daviger, Hasw., 229. 

— Terrugera, Claparbde, 219. 

— veruger, Clapardde, 219. 
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PagroMHaus amtus, Ibrst., 481. 

Plifnis major, 485. 

Pagurld, sp., 175. 

Paleemon petkihomnii^ Aud., 385. 

— torensifl, Pauli.t 898. 

PaUemonella gracili»f Pauls., 898. 

^ tenui{)e6, Darntf 361, 388. 

— tridentata, JBomtd.f 884. 

Palm trees, absence on Abrolhos Islands 

noted, 185. 

Paludcstrina stagnalis, d'Orb,, 218. 
Paludina minuta, 7b^^, 218. 

— sp., 209. 

Pamphilius dentatiis, MacOifLf 446. 
Pandion baliaetus oristatus ( Vieillot), 477. 
Panulirus penicillatus (O/in.), 174. 
Parabetffius culliereti, C<mt,f 846. 
Paracalanus parvus {Cknui), d^strib., 98, 
110,112,118,124. 

Paracubans, W* M. CoUinge*^ 61. 

— spinosus, W. JS, CoUinge ♦, 62. 
Piuapandalus adensameri, J7a/ss, 846. 

— piistis {Rmo)f *846. 

PsrapensDus fissurus Baie)^ 846. 
Paraplesiops meleagiis, Petersy 481. 
Paratjpton siebenrocki, 846. 
Paridotea, Stething^ 69-72; mentd., 78. 

— fucicola, Barnard, 83. 

— peronii, Stebbing, 84. 

— reticulata, Bm^mrd, 88. 

— rubra, Barnard, 83. 

— ungulate, Stehbing, 81. 

- mr, atrorirens, CoUinge*, 82. 

PaBehocarie paeohalta, Nobili, 882. 

Patella eompressa, Linn,, mO. 

’— iaeuetrie, liinn., 205, 210, 

— lutea, Linn,, 210. 

— pellucida, X^rm., 210. 
vulgata, Linn., abundance, 255. 

Pedicellina anetraHe, Jail., 42. 

cemuB, Smitt, 8, 48. 

Pak^, X^am., 87. 

clppeata, Lnmx,, 87, 88. 

Pelagodroma marina duleie, Mathem^ 
468,484. 

Peisort, Francis (1629), and the Fauna of 
the Abrolhos Isl., 457; bis disastrous 
roytLge to the Abrolhos Island, 1$X- 
. 182. 

Penssopsis stebldiigi (Ka(nli), 845, 850, 
865. . 


Penieopsis stridulans {Wood^MaBon), 848, 
860,866. 

— vaillanti (NobUi), 345, 850, 866. 

— velatinus, Verna, 346, 866. 

Peiiffius aehiaka, Kishinouye, 367. 

— earinatus, Dana, mentd., 367. 

— japoniciis, Sp, Bate, 860, 367. 

— semisulcatus, JDs Moan, 850,867. 
Peneroplis, Montif., sp., mentd., 158. 
Pentapus vitta, Cuv, \ Val,, 481. 

Pentias, lUchardBon, 69-71. 

Pentidotea, Bickardson, 69-72; mentd., 78. 

— resecata, UichardBon, 75. 

— white], BichardBon, 76. 

— wosnesenskii, Biehardeon, 76. 
Periclimenes borradailei, Bathbun, 887. 

— calmani, TatterBaU*, 345, 851, 886. 

— deman 1 , Kemp, 886. 

— ensifrohs, Vana, 386. 

— kolumadulensis, Bcrrad,, 887. 
petitthouaredi {Aud,), 861, 885. 

— potina, NobUi, 888. 

— seychellensis, Borrad,, 886. 

— spinllBrus, Ve Man, 386. 

— spp., 345, 351,886’^88. 

— tenuipee, Borrad., 387. 

Perla, Geofr,, 436. 

Perl odes, Bank$, 430, 453. 

— dispar, (P), 430. 

Peropus Yariegatas (Bum, ^ Bihr,), 461. 
Petrel, Sooty, mentd^, 468; —, Giant, 484. 
Petrobius oudemansi, Carpenter, 430. 
Phssopue phseopus variegatus (Scopoli), 
474. 

Phalaeroeera, Sehin., 451. 

PkapB chalcoptera, Lath., 464. 

Phliosamia Cynthia, (P), 446. 

Phrygaaea, lam,, 447. 

Phyllodaotylus biiineatuB, Gray, 460. 
miurmoratus {Gray), 460. 
ocellatuB {OtHiy), 4^). 

Phylloperiha, Kir^, 448. 

Pfiysa fontinidis {Idnn,), 213. 

hypnontm (Xmn.), 218. 

Physaiia, TiL, ap., 170. 

Pieris brassicss, X4m,, 446. 

Pigeon, l^onse-winged, mentd., 458. 
Pinna, Lkm,, sp., aumtd., 9. 

Pisobia mmnta rufieollis {PdU.), 475. 
Plsice, libufidfiim, 248; its fbod, 122. 

>' ^PlanorUs albas, MvM*, 205, 
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t^lanorbid carinatuei, 205. 

— compiaziatus (Xmw.), 212, 213. 

— contortiis {Linn,), 212. 

— corneiw {GmeL), 211. 

— crista (Linn,), 212. 

— leucostoma, Millet, 212. 

— planurhis, Linu., 205, 211. 

— spirorbis (Linn,), 212. 

— umbilicatus, Mull, 206, 211. 

— vortex (Linn,)f 212. 

Planorbulina, d'Orh,, sp., mentd., 153. 
Platax orbicularis (Fov^h.), 486. 

— teira (Forsk,), ^6. 

Platycephalua bassensis, Cuv. ^ Val., 483. 
Plrttynereis Diiuierilii, And, Sf M. Edw,, 

488, 489, 494. 

— insolita, Gravier, 494. 

Piecoptera iilipalpia, Flap,, 436. 

— setipalpia. Flap,, 430. 

Plutonic rocks, non-occurrence in the 
Abrolhos Islands, 137,164. 
Pocillopora, Lam,, sp., 168,168. 

Podiceps fluviatilis, Deyh Oerbe, mis¬ 
takes artiticial for real insect, 58. 
Polita cillaria (Mull,), 204. 

— Draparnaldi (Leek), 204. 

— rndiatula, Alder, 204. 

Polyides rotundas, Grev,, 40, 
Poljophthalmus pictus, Dujardin, 488, 

489, 497. 

Polypterus, Geoffr., mentd., 181,186. 
Polystomella, Lam., sp., mentd., 153. 
Pomatias elegans (MiUl,), 205,214. 
Pontonia pinnm, Ortmami, sp. dub., 391. 
Porella Isevis var. subcoinpressa, Busk, 4. 
Porina borealis, Busk, 4. 

Porpita, Lam,, sp., 101. 

Porzanoidea plumbea, Mathews, 467. 

-roberti, Mathews, 464. 

Potamogeton, Toum,, sp., mentd., 47. 
Prattia, d'Archiac, 408. 

Frehoscina, Aud., 32. 

— Boipi, Aud., 32. 

— merassata, Smitt, 32. 

—* Lamaurouxii, Aud., 31, 

Proidotea, Jtac, ^ Sev., 70, 71. 
Protospoiigia, Fent, 322. 

Protula bispiralis (Sav,), 488, 489, 498. 
Pseudanodonta grateloupiana (Gassies), 
215. 

— honnandi (Ihipuip), 215. 


] Pseudarmadillo, 3i(iifssttre, mentd., 61. 

' PseudocalanuB elongatus (Boeck), distrib., 
98,110,112,117. 

Pseudolabrus parilus (Bich,), 482. * 
Pseudonereis anomala, Gravier, 488, 494. 

— masalacensis, Grvthe, mentd., 494. 
Pseudoscar us gymnognathus, Bleek,, 483. 

— sp., 485. 

; Pseudosquilla ciliata (Fahr,), 351, 367. 

I — megalophthalma, BiyeUno, 361, 367. 
Psocidee, maxillulfe in the, 437. 

Ptenoedus mathewsi mathewsi (Iredale), 
465. 

' J^terocaris typica, Heller, 346. 
Pterostichus, Bon,, 443, 444. 

Ptycliodera flava, Eschscholtz, 176. 

— pelsarti, Dakin*, 176. 

Ptychoptera, Meig., 451. 

; Puellina, Jull., 10. 

PueruluB, Ortm,, 199. 

Puffinus assimilis tunneyi, Mathetes, 468, 
484. 

I Pulvinulina, Carp,, sp., mentd., 153. 
Pupilla muBCorum (Linn,), 204, 209. 
Purpura lapillus, Linn,, abundance, 265. 

Pyramidiila rotnndata (Mull,), 206. 

— ruderata (Studer), 205, 206. 

Python spilotes (Lac4p.), occiirr. on the 
, Abrolhos Islands, 159. 

I- variegatus (Gray), 460. 

Rabbits, 460. 

Bmliopora conjuncta, Mich., 37. 

— cumulata, Mich., 37. 

I — formosu, d’Orb., 37. 

; — Francqmna, d'Orb., 34, 30. 

' — irregnlaHs, J. Yates Johns., 33. 

I — mfdtistellata, d’Orb., 37, 
j — pusiulosa, d’Orb., 36. 

I Kaphidia, lAnn,, 453. 
j — sp., 439^ 441. 

I liat, Its occurr. on the Abrolhos I lands, 
: 138, 159. 

Rattus fuscipes, Waterhouse, 460. 

— uorvegicus, Erx,, 460. 

— rattus (Linn.), 460. 

, Reniera, Gir„ 321; mentd., ftnote 324. 

— simulans, (P), 320. 

I Retepora Imperati, Busk, 4, 22. 

I — ramulosa, Calv,, 4. 
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MampkottofMffa, W«ters^ Id. 

RikinoMus bunksii, Muikr ^ Senle,479, 
Rhizooephiilai) parasite, meiitd., 895. 
Rhisodopsis, Feunp, mentd., 187. 
Ebiaosolenia, Mr,, distrib., 99~10L 
alata^ Brightw,, distrib., 107,184* 

— fit^ttiispina, Hemm, distrib., 101, 107, 

124. 

— eetigera, distrib., 101, 107, 

124. 

Shrubeolei, Ckut, distrib., 101, 107, 
124. 

— spp., distrib., 101. 

— Stolterfothi, Berag,, distrib., 107,124. 
Rhodites, Havt, mentd., 827, 829,382. 
Rhyacopbila, JPitc^., sp., 447. 

Rhjnchelaps bertholdi, Jan, 460. 


Sabellaria alveolate (Linn,), abundance, 
249^250. 

Salmo, Linn., mentd., 508. 

fario, Lkms, &eding»babitB, 47<i57. 
Salwxioria kargufiltMU, Mclnt., 228. 
Sogartia nuuiata, Qom, 254. 

Saron neglectus, Jk Mm, 346, 351, 882. 
Sauropatis sancta westrala8iaxia(Cafnp5e/Q, 
466. 

Seasopbeethoa rubricauda westralia, 
Mathew9, 476, 484. 

Scatopbaga steicoiaria, Latr., food of Wag¬ 
tails, 58. 

Scbizoporella argentea, ffineks, 18. 

— OrilM, Robertson, 20. 

— eoniarta, Oaiv., 23. 

— eucullata, Jull. & Calv., 21, 

— divisopora, fFuten, 19. 

HiiK^s, 22. 

— hyoHna, Lev., 20. 

— nivea, Btu^ 16. 

•— oligopus, Moh^rtmm, 8,18. 

— portelliformis, Watm^, 16. 

puiobra, 19. 

—•*8aiiguinea. Norm., 17. 
i^., mantd.,2* 

— i^gites, SmBi, 8,16,16. 

-7- apmgiUi, Thomeljj 16. 

— tricbotoma, 

— unieqmis, JPiergMu, 8,14^ 16,17,402. 

— viridis, Thmu^ 16. 

Sebiaotbeca fisaa, SmA$f 8,22. 


Bebizotbeca (P) Talismani, Cak., 4. 
Scolopsis Umaculatus, Miqip., 461,486. 
Scorpssna sumptuosa, Cbst., 488. 
Scrupocellaria Bertboletti, Uineha, 8, 5, 
43. 

— oervicornis, Busk, 7. 

— comigera, Smiif, mentd., 7. 

— Mscandrei, Busk, 8,6. 

— pusilla, Smitt, mentd., 7. 

— reptans var. BsrthoUstU, Waters, 6. 

— tridentata, Waters.*, 8, 7. 

Searbirds, great number of species on 

Abrolhos Islands, 138,188. 

Seal, 485. 

Segmentina, Fletn., 212. 

— lacustris, Ligkifooi, 212 

— nitida (Mm:), 206,213. 

Selandria sixii, Veil., 449,450. 

Selenaria, Leach, 401-407. 

— concinna, Busk, 402,404. 

— concinna, T. Woods, 415. 

— fenestrata, Hasw., 416. 

— maculata, Busk, 402,418, 417. 

— magbipunctata, Majd., 416. 

— nitida, Mapl., 407, 418, ^ 

— petaloides, d^Orh., 402, 

— pimctata, T. Woods, 416. 

Selenariadce, 399. 

Selenariopsis, MapUstme, 409. 

Septifer bilocularis, lAnn., 154. 

Berialaria lendigeta 41. 

— semieonvoluta, Latns, (ap. dub.), 41. 
Bericornis maeulatus fuscipes, W. B. Ale.v^ 

465. 

--— warreni, Mathews, 466. 

— balstoni, Grant, 466^ 466. 

Setriola gigas, Oindh., 485. 

Serpiila hispirdUs, Sav., 498. 

Setnselliiia Houlei, Cbb?., 4. 

Sberboxnina, F. Chapman*, 501. 

--r. atkinsoni, F. Chapman *, 602. 

Sialis, 468. 

— lutuaim (lAm,), 440,442,460. 

Shcgmid sas^a, H. M^Edw., 868. 

Sillago bassensis, Ouv, # Val., 481. 

— ciliata, Ob. ^ m,486. 

Silubosaurus atokesii, /. K Grog, 468. 
Simalktn» LtOt:., 451 ^ food of babes, 47, 

48,i60. 
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Smittina cerviooniis, Pattoit 4. 

— jacobenois, Bwiky 4. 

— trispinosa mr, protacta, Tkampa., 8, 21. 

— tropica, Waten, 8,21. 

Snails, food of Trout, 48. 

Sotalia gadamu (Otmi), 478. 

Sparus sarba, Forak,^ 481. 

Spbfidrium corneum (Xmn.), 215. 
Sphseroniscus, Geratoeeker, mentd., 61. 
SphsQropora, Hasw^, 408, 

— fossa, Ha$w,y 409. 

Spbaerosyllis mtarctits^ia^ Qravier, 226. 

— birsuta, Ehlet^a, 218, 226. 

— liystrix, Claparhde^ 223, 224, 227, 231, 

235, 236, 240. 

— kerffueleims^ Mclnt, 226. 

— Macintoahiy EJhlers, 223. 

— perspicax, 216, 226. 

— pirifera, Claparhde, 224. 

Spberoidos pleurogramina, Began^ 484. 
Sphyrasna obtuaata, Cm. ^ Val.^ 480. 
Spirogyra, lAtih^ sp., ui«ntd., 47. 

Spolia liuniana.— in. Distrib. of certain 
Diatoms and Copepoda iu the Irish 
Sea, by W. A, Herdman, 95-126; 
IV. Notes on the abiiudance of some 
common marine animals, by W. A. 
Herdman, 247* -269. 

Spongelia, iVordo, 321, 322. 

Sponges, occurr. in Abrolhos Islands, 161, 
162; Notes on their physiology 
(Bidder), 316 320 ; their origin, 
822 -324; ineiitd,, 219, ftnqte 259,395, 
Spongilla, Lam.^ 317, ftnote 321; fertiliza¬ 
tion, 263, 279. 

— fluviatilis (PalO^, fertilization, 286 . 

— gp., 208 . 

Squatarola squatarola hyponielas (Pa//.), 
474. 

Squllla massaveneis, Ko$a., 851, 356. 
Starfish, abundance, 248. 

Steganoporella,/fiwcA», mentd., 0. 

— liozieri var. indica, Hincka, mentd., 13, 

14. 

- vur. falcifera, Hincka, 13. 

— var. labiata. Lev., 13, 14. 

Stelletta collingsi, Schmidt, 264. 

StenopuB spinosus (Mieio), 346. 

Sterna dougalli gracilis (Gould), 470,484. 

Bp., nuBtakes artiificial for real insect, 68. 
Stemulaalldfroiui imumtl (Maih9W§),‘471. 


Sternula nereis, Gould, 471. 

-horni (Mathewe), 471, 484. 

Stichopora, Hagmow, 408. 

Stichoporina, StoL, 408. 

Stomatopoda and Macrurous Decapoda coll, 
in the Sudanese Red Sea (Tattersall), 
345-308. 

Stomatopora, Gold/., 32. 

— granulata, M. JEdw., 4, 

— incrassata, Rincka, 33. 

Stumus vulgaris, Naum., mentd., 62. 
Styela grossularia, Van Bened., abundance, 

254-6. 

Stylasterina, mentd., 4. 

Stylotella, Lmdenf., mentd., ftnote 310. 
Succinea pfeifferi, Roasm., 206, 210. 

— putris (Linn.), 210,211. 

Swan, Black, 484. 

Sycandra, HHek., 321. 

— raphanus, 0. Schmidt, fertilization, 263, 

277, 284, 286. 

Sycon, Riaao. 301, 317, 322. 

— ciliatum, Fabr,, 306; fertilization, 262, 

266, 277, 284. 

— compreaaum, Dendy, 261. 

— raphanus, 0. Schmidt, 310, 317, 318, 

322, 324; fertilization in, 302-304. 

- tropua oquariensis, mentd., 299. 

SylviidcB, mentd., 62, 

Symmius, Richardaon, 71, 72. 

— caiidatus, Uichardaon, 73. 

Synalpheus bispinosua, l)e Man, mentd. 

377. ’ 

— biuuguiculatus, Stimpa., 360, 375, 377, 

— fossor (Paula.), 350, 374. 

- var. propinqua, De Man, 374. 

— gravieri, Coat., 850, 373. 

— iieroni, Cout., 346, 360, 374. 

— hululeusis, Cout., 315, 350, 374. 

— paohymeris, Cout, mentd., 376, 

— quadridens, De Man, meiitd., 378. 

— quadrispinosns, De Man, mentd., 378. 

— quinquidens, Tatteraalf*, 345, 350, 376. 

— savignyi (Gu6r.), 346, 346, 350, 375. 

— septeiiiBpinosus, De Man, mentd., 378. 

— Btreptodact 3 du$, Cout., 346, 360, 873. 

— triacanllin.?, De Man, mentd., 377. 

— tricuspidatus, Heller, mentd., 376. 

— trispinosus, De Man, mentd., 378. 

— triunguiculatus (Ptmla,), 360, 374. 

— tumidomanus, Cout., 374. 
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Synanceja lionida, 46B, 485. 

Synapta, EBoktck^^ ap., 162. 

Synerypta, JEhr.^ 822,825. 

— spongiarum, Bidder'*^, 305-313. 

— vohox, 806, 813. 

Rynidotea, Harger^ 69-72, 85-89; key to 
species, 85. 

— angulata, Bened,id^ 87. 

— bicaspida, G, 0. 88. 

— hirtipes, Bmedici^ 86. 

— Ittvis, Benedict^ 89. 

— marmorata, Befiedict, 88. 

— nebulosa, Bertedicif S7. 

— nodulo«a, Karger^ 89. 

— pallida, Benedict, 87. 

Synisoma, CoUmge, 69-71, 


Tadpole, not taken by Trout, 61, </. 53. 
Tanypus, Meig , 461. 

Tattersall, W. M., Stomntopoda and Macru- 
rous Decapoda coll, by Mr. Cyril 
Orobsland in the Sudanese Ked ^a, 
346-898. 

Telephorufl lituratus. Fait,, 448. 

TeUma comeum, Linn., 215, 

Temora longicornis, G, Stne, distrib., 98, 

no. 112,120-126. 

Tenebrio uiollitor, Lmn,, 445. 

Tephrceops teplirteops (Z?to^.), 482. 

Tem«i, 174; meiitd., 476, 477; enormous 
numbers on the Abiollios Wands, J 88, 
160,166,169; Roseate, menld.,469. 
Thalamita A M. Edw., 148. 

Thalamoporella Jer^uisi, llwcks, 14. 

— mftmillaiis, Lmnx, 14. 

— Kozieri, Hineksj 8,18. 

— novee^hoUandia, Le\., 13. 

Thalasseus bergii (Lichtenstein), 470. 

-gwendolenee, JMnihews, 470. 

-pelecanoides (King), 470. 

Thalftssiosira, Cleve, distiib, 99,101. 

— gravida, Ckce, distrib., 106,124, 

— Nordenskioldi, Cteve, distrib, 106,124. 
Thalassome aneitense, Gmith, 482, 485. 

— lunare, if«w., 482,485. 

Tbalonessa djihotdiensis, Eanv., 492. 

— orulata, Molnt, nientd., 492. 

Tbeba leucas, Beck, 209. 

Theodoius liu\iatiHs,*dfen</., 214. 

— lacustris, 214, 


Therapon humeralis, Ogtlhg, 480. 

Thor paschalis (Jfellef'), 861,882, 

Thomora argm var., Ilasw., 489. 
Threptcrius macnlosus» Bkh,, 482. 
Thursius, Traq., xnentd., 167. 

ThyoUodroma pacifica chlororhyncha (Les~ 
son)t 468. 

Th}mialius vulgaris, Nilss., its food, 51. 
Tineina, as food of Trout, 47, 

Tipula, Linn., 451, 

Trachichlhodes alfinis (Ounth ), 480. 
Trachurus declivis, Jem/ns, 481. 
Trachypenmus anchoralis (Sp, Bate), 850, 
367. 

— currirostris, St imps., 867. 

Trachysaurus rugosus, Gray, 461. 
Tiichogramma, Wesfw., mentd., 832. 
Trichoptera, Maxillulee in the, 447-448, 
Trichopterous laivie, food of Trout, 47. 
Tridacna, Da Costa, mentd,, 392. 
Trochopora, d^Oth, 407, 418 419. 

Trochus, Linn , spp., abundance, 257. 
Trout, Hrook, feciling-habits, 17 57, 
Truncatflla Montagui, Lorn, 209. 

— trmeafa, Mont., 209. 

Tryphcena pronuba, Hnhn, food of Spar¬ 
rows, 53. 

Trypostega veniisla, Norman, 4. 
Tubucellaria, d'Orb., 405. 

Tubularia IndlNisa (Linn.), 254. 

TubuHporo aperta, llmmfir, 81, 88, 

— fimbria var. puUha, Waters, 30 

— flabellaiis, Fahr., 31, 87. 

— iiicrassata, IVaterg, 3,82. 

— Lamourouxii, Watets, 8,31,33; mentd., 

2. 

— hliacea, JJarmm*, 31, 

— oocidentalis, Bchertson, 81. 

— organizans, d^Orb, 81. 

— pbalangea, Couch, 31. 

— plumoaa, W'’. Thomps, 31. 

— pukhra, MacG., 3, 30, 

Turbo crista, Linn., 212. 

— musooi'um, Linn., 201, 209. 

— pci^ersa, Linn, 204,210. 

— pulcber, Beeee, 154. 

— redexus, Linn,, 214. 

— stagndlis, Bast., 213. 

— ulvce, Penn., 218. 

— ventroaus, Mont , 218. 

Twrnu mria, Mathews, 408 . 
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Ttfmiv mria scintiUum^ Oould, 4<i3. 

— — stirlingl^ Matliewn, 403. 

Turritella warburtoneusii*, Tate, iiientd., 
601. 

Turtle, Green, ^85. 

Turtle-doves, mentd, 467. 


Ult‘x europteus, JAnn , meiitd., 47. 

Ulva, £mM., sp., IOC, 

Uuio, lletz.j 215. 

— pictoruiu, 214. 

— tumidus, Uetz,, 205. 

Unwin, K. K., Notes upon the reprod. of 
Aadlm aqmticuHt 536 - 343 . 

Upogebin lioteroclieir, K^tupf 390. 

— pseudoclielata, Taitcrftftif 345, 361, 

396. 

— t>a\ign3i (tS'trahl)^ 361,306. 

Urogleiiop,si«», (?), 306. 

Urlica marina auiericuna, mentd., 

408. 


Vallouia excentrica, iStvrlij 206. 

Valvatu pisciuMlis (J/wV/.), 206, 

Valvifera, new groups of, 71. 

Vanessa urticcc {Luin,}, 140. 

■N'elia cuvreu’®, Lutr.f not taken by Trout, 

60. 

Vermotus,sp., 148, JoO, 163, 100, | 

101,170. I 


Verongia, BowtrL, 810, 322. 

Vetola lapponica baueri {Naumann\ 474. 
Vibracella trapezoidea, 401, 40:1. 
Viitcularia nom^hollandtae, llasw., i 3, 
Virago castanea (Egttm), 470. 

— gibberifrons (s, MiilL)^ 470. 

Viviparus vivipara, 214. 

Volvot,, ..Ifn//., mentd , ftnote 307. 


Wallaby, 177; early description, 132. 

Waters, A. W., Littoral Marine fauna of 
the Cape Verde Islands, 1-46; Obs. 
upon the relationships of the (Bryo/.oa) 
Selettiunad®, ConeRcharellinidao, 
fotssil and recent, 399 427. 

^.Whales, mentd., 176. 

Whiteornis goodenovii riificapillus, 
Maihew9^ 466. 

Woodward, B. B., see Keniiaid, A. S. 

W^nyardia bassiami, iSjyeticer, mentd., 
601. 


Zahphus Ivbiitu^f ()gllb\, 178. 
Zenobinna, St ebbing y 09-71. 
Zonitoides nitidiis (Afa//.), 201. 
Zoobotryou pcllucidum, EAr,, 3, 41, 
Zostera, Linn.y mentd,, 248. 

— marina, Littn.^ abiimbmco, 267. 

— sp., 160. 

Zo-^terops goiildi, IJopap.y 400. 
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